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Aa c rMidt ciC cio-oiNrivto flw l«rtn«nt of Tcrrtajgiii 

CoMi md OwMitilc ftartijr and t)M Davftrtnmt of Tnr- wUdBi ^ atV«nitiui was bistaUsd was also slmilai- in 

rsstrlsl lispMH9«B» arranfSoMts wtrt mads dortsf dsslui aiai constnictlon to tboss at ths two stattooia men- 

If^ for MMflsiiMm rtcottBsf of tte atncM^disrte po^' ttoisd. . / 

ttsl cra^tet Mid atr eoMdaettritlM at ttw HasMtle Ob* Ibis Toauaa contra tbs obMrratldlts of potmtial 

san«to( 7 , ttesoa, ArHoas, wttib a^paratM testaMd by gradtsat sml air coo<hctlTitlss at Tucson In hourly Ud>u- 

tha OaparisMsit. ^1 m» ttsM ao coatlMOMi raeorda tatUsis, month by raonOi, for tbs four yaars 10dl to 1934 
cd staibaiiMrieslKtrM^bad lMaaotBatesdbi^^^ as watt ipi ttmuaarlas of mataorological date tor ths 
eontfaante! araa te tea IMted ftetSM. I, iBBBi>rio«- m»««»teoBS of tbs isnaral ra suits, of the 

Tba testriMMatel affitpmaatwasteatettasMar ttm , dtamaiyartettonsof tea atmoa^arie>dlaOtric alamants, 
Md of tIM Iw <1. B. Wadi MuMa^lMeteal aindiM<*l^ , a^ raiiafloiui in eotmmx raaisteaea ars also in¬ 
ter aorraigBiw .sbrflaa'was teitettlad a| flat saa^ chidai. t > ■■ 

Owtef te bMiraliaatel Aflleitlttaa, tea taeordi of tea Tba p^ltialiMury scaUng «*tea tracas was undartekan 

thraa atewaitewle-ateetni afamadte, pom^al g^adiaai, hf tea Tbw obaaraatory staff but rsducticp and analy- 
potmm mi aagitttao atf>«*Aaa«lvi|y. eompiate sta of tea <tete wars earrlad ote to Washington by 0. B. 

hf a saWSteat partod dartei im te warrmt radwtllaia Walt, and te Md 0. W Tte>r«Mn wars rai^slbla for 
Mid pa^tedtea ter teat yaar. Tha prMNst toiasia, teafa* tea ftoal a^w^amant of tea material for publication. 
teiw,'a«»w» tea tear yaajw IWt to'l•ll^ tba • -1 ' t 

'uaadsl- lbmMaaMsidaateeatwIte.teitbtteattadaarilar . - ..|\ - ^ M. A. Tura, Dlractor 

teftaBteaiteifOteto WalteJfoeC*Mwrf«tefbtetetea,lte^ i'V ■ . Dapartmint of Tarrastrlal MagnaOsm ■ 
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^TMOiFBiRIC-ELEC^IC RESULTS AT TUCSON MAGW|eTIC OBSERVATORY, 

19,31-1984 


iNTRQDl|CYION 


./ 


to 1939, (mlj ieout lafbraitAtim was KvallaSle 
'mmmtSUit tl».«iniiltadg and behatior of tbe Tarious at- 
aos|fe«ie olMMiiis in ^ aldeontiiiiiaital area erf the 
IMM Mates. The only data at one’s disposal ^re. 
Eioas MBni Iqr the B^Nurtsaieiit of Tenrestrlal Magnettsm 
is IMS Mt Lsjrtn, Kusas, in eonneetira with s^lar eelipm 
otmenraifaM {Ij. Th«M &rfa providrf sdnie kdowledge 
ooncNOfiiiC the absohite valiHS of Ou potential gradient 
and {MMiEve and aeptive oondnettettles. Since, how¬ 
ever, (dbemattaas <rf ftetee elesients Were niade onlr 
over one 84-iioiir period, tee character of dirfmal vurf- 
alfOB candd act he rnarded as well known. Dnrtng 1929, 
oheervatkm on tee ataM>«g>herte potential gra diwtt were 


carried out by Wait [2] in central Kansas. The resalte 
provided informaEon concerning the absolute value and 
the character of diur^ variation for that partlcdlar re¬ 
gion and season of the year. Steps were taken in IMS to 
supplement existing atmospbeiic-electrlc dajta by con- 
tlnuous^qbservatloa at the Tucson Magnetic Obderratory. 
Appanmts vms testitiled at the observatory for the re- 
conting of the two signs of conductivity and the atmos- 
idmric jpoteatial gradlmrf. This work was undertaken as 
a co-operative i»roject betwem the United States Const 
and Geodetic Surv^ and the Department of Terrestrial 
M agne tism of the Carragie Institution of Washington. 


DKSCRIPTIQN OF SITE AND ATMOSPHERIC-ELECTRIC BUILDING 


ne Etei ci tee Tifcson Mafpetfe Otmmvatory is 
scMM tM tettes east of tite center of tee city of Twesim, 
iMSte tee nmrteensima stee of tee teroed valley of te# 
Ante eras Ihwr, at as elevation of TTO meteiw abafvn^ 
sea level In htitmte 13* 19' aorte aad at lo^dtede MS 
il'weet The ehmrvatory is siteated on a level piww 
which rtees itidlr te loot Mtis several sMIm to tee 
iterte aai to tee nortiMast. The observtoory is well slt- 
Mtted tor itenoatteerte-electrte tor la ite 

I vletiMy tee VBUey it nteer mwseteUdiablted, 
tin aearMl r eetdewc e btoaf ahawt a half nito ddstaai. Ap- 


pnratee tor reoerdteg tite atemepto^-electnc potential 


Eradlent and the positive and negative conductivity of tto 
air la in steUed in t he atmospheric-electric buildteg. 

Ibe atmospherlc-elcctrlc hullding is a flat^rooied 
concrete bidldlng tea feet Ehrae meters) Mg^ wite 
douMe walls, Itoor, and celliag. The walls are protected 
from tin rgys of the SUn hy a wooden kntvered encloabre, 
and the floor la raised above gtamd level so tint air 
pay circulate beneate it. Tbe dtumal variation in tem- 
peratare witbtn tin bidUing Is ubbU, and iaveetigation 
has shown tint the rcsultfng temperatare-effecte on the 
instnoeMte pay be neglecM. Tbe atmdspfaeric-elec- 
triejbnlidiiig ie shown te Fl|er« 1. 


ATIM)n>RniC-ltBCTKtC QliTinTMENTS AND (NBSERVAM^ 


fit Potentiai-Oraitent Apparatea 




it pnfiift'if ' 

; of a) rP tte a ett wi **mOml^* eon* 

; ^ mm m A m mm ijBAte HM' ’ 

■ nwapherk-electrte Intliitei. As tottena-teMiM dtei^'^. 
PpMd two cm te dtesMtete, wwe seed as tiM coteptew aad'- 
wMb'teoiwiid at ibe oelMr end of/a hraec rod.wMcii few- 
' leelwl tiappte tee wi^ tee rod iteeE hwMn eapportod la 
ewriMw teeetilPfe held la hreae talew. The hper'saiel 
tee mi' wee eamwetod to tee eewMe of. a DolaiaMi tyted 
' nm M e ctrote' e tor white wm msed «• tee wMManrlM.*e|P- 
'ms.-' flpte t ehwwo tee arrwppeMnk ec hewntirtlty . 
The doteae mrntm watei met tew mAmt hwrtorwi wall of; 
. ten aj w iaaidni to-eiwteflc hethtteiwiich inyfwrli Bn . 

tee ermtor of widch me ten eet- 
Iwelwr' mi and tei Mownellwc tere are tewww* Id (At' ' 

'MteMit enf « tew lirwwe.ttehe to iPhPtied a h e oi e d cyAtenr 
,«f hpifi ilewittm Which prctotei tew npfortoig 
tor of Bn eoDetep mi tonm. rtei, deaf, wa' 

M# g|||to iniitor iif Wm 

'****^!i^ Eton eeePdenre, two attoteid 
to tew ImBwi latoa, aed two PAteod to ten^ttee mpmrti 
to Ai welte tow flpte to Bn dtogrwM. fltietetoto pewf 

at tend iwwMF toPHntoA, 


v-./ 
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was Mewed' tiHSm eoateiaera io aaito^ the . 

tosatatbp awrtotet as dry as powidMe. 

The faadrato elcctronMteer Was efiilpped with apectel 
aaber insalators, cne awpiorttai tee needte-tespemdoA 
a«d tin oteer sa^rtiag tin fntonuds. Doriag uae, a 
cimatato pohmtial-diftoriene ftpn a Inttery was ^a^ 
aeroes ten two pairs of fsadraite, thi battery haviaf its 
mhtoofat coanectsd to tin cmie of the eleeteosMtor aad to 
aarte. Potoetlal app^ to tee needle tbroegh tee eol- 
iectipK aystom tton omaed defleetkn of tea needle, and, 

Bn defleetiM was recorded by WMHlnB of a apot of light, 
reflectod frtoi a tolrror aiAiehed to On etecteotoeter 

tepmaeion to a aheet of photopwptdc wr hhoitt oaa 
ptoto towtioi floai ten atectrtoMteto. Tbo iteirfoirapbic 

paper, 19 OB wide tote El cm lewA eaa amnided OB a 

trader i^h wm rotetod ones evtofy 24 houra by a 

figp^nriiavlew of tee tatoailatloB (rf potsstial- 
gradieto md jdnwa ftoi-itiectrenMlMr aed its . 

'hMteip toBtoextretoc ft#*. At tee Mft le tee recorder, 
ton wtoch hcneM tee rcdsllif eyttoder hedfiai; ^ #oto- 
pppar. tonpaltached to tte recorder torn . . 
pmvilM Bp iweoidtoig ppi. He i^ayw eeen^ tee wall 
of tee~roowi toe aetMtod-by a eowtrOl doeh. Qac ' 
tetotewp evwry hoto-to tee hoto to earte fte'dectwwM- 
ler aeedto for t •pertof ^ me itomde to prov^^^a 






itiilli^aiERie-lliietRIO Bmr{.T8 at TUC0QN observatory 


to —tawirg •Itctrometer d^edtlowi 
'iiWMr x«l^f InettoMto a teii-adiiHt«le 8 i^ 0 f' I 

liiilipilwt -wmxffsmr koans. TImw tvo rclajrs operate 
ekoim ta 2^ oae of wMch la lo- 
■ Qkm AlMFVt eteetroeBcter And ^ other aboTe 

iaMktor a^pfortil^{ flie eolle^r rod In tlie kooded cyl^ 
tadnr. Tbe l^cd relay cm Bm irall operates ike lam(p 
A9i|ai>in float of ike deetroinieiter kmslni^ turning it on 
Idr Afmr McoaAe esactly on iiie boar to make a tiiae> 
mart on flm jj^wtograpldc pi|wr. A foortk relay, shomi 
bflcnr She Oranra in flgare 3, may ]be patjinto serviM as 
to < 9 *rnie fiw feeordi^ lan^) for ji feel^^ 
(^lis af hqpdar interrals (every mlmite or two) to aolake 
iiw jlmtojpa^ie rec»rd a dotted ratker than a eonttna- 
oeaRae. TMs is need thuriag **standar^r.ing olwerva- 
tIiNif* wkea qe readily at g statioa located near¬ 
by cm an level area are to be eoiki^ed vitk iR- 
nmlbuieoai reodlage from tke recordlag apparatns in 
evder to pet She bmtor refuired to rednce observatory 
iKitos to valnes to volts per meter representative of an 
liNNi waM^tofUtd if flw 

Idiirtlrm Hfiter gftmiittflagi—itortog the years 
1931 to 1934, tke/eollector rod protocted 1.00 meter 
from the e«B almoq^ierte-etoetrlc boildtof at a 
keigto ^ S«4Mi/me(ers above greiind level. To redaee or 

at fkto point to 

the tor to volts per meinr mqp reaentot fve of an open, , , 

Inel tototy frofMHto dtoarmbuttona to redaettoa totom 
,were made. TIm retootlw todtor adapted for eatoi to 
flm tear years 1st 1.S3 tor I toS, 1.34 tor 1133,1.19 for 
1993, aad 1.14 tor 1934. I 

\ cfUdteidL wifMMii tat -fste 'isitef«un itfM te' 
Ttotoa.t to liHI tor the years 1(^1 jto ltol4 to a Itoev^^' 

Wm Wmll^ wPPwililP#.. . ,; - ^. 


...y - Tbs Coadeettvfty Apparatia . 

WWm pNBinnMHHi WSm wWImmWBH^ Wm mummmm mwm^ Pi , / 
tali Mt tMlMM Jf IM iil:i4|fiii.y liiti 0t IMtftftii Q #rtl * * ' 
PRR PppiPf PPMl - f^fi PpP Ppf wKImm PI i PP' 

■fpretee la toewi' la figum 4 os tt was sal tof iaal* 

tii|g (tan fwtffik liiitahMi fft f iifl i i f# itirtifn'lnf ini- Mi- QMi 

. 1P9 Pp^ m WmmM' ' 

to^ It..cm.to ttemetof tor tot appNr kaK to tto bmgiii.; 
tow tosMtoal .MMweiitrlHyiY k ihefi tnaw' eytodtoV' 1.41 ' 

iftm H llligiiii^liy nnt jpl fill' ^^i|i|||i| -1^, al|ito 

Ulllwm g|||gj|l||gl|lll Btooifeiaiteiiik! '|||to| Muf iynA ii l bii i ma l^totwaitoaitih fPob 

ikimr to fhrtodiibai ae mefite can Is Artev in firwto to 

|| i4toito tiattti»ai rat ||mg ihi fUMl&A flHf 

Tle-aeiaretoe ta eoai to a laitoMM a l m tool« Mbeto 
to phstotetopjMIe SSipae mito be wamsed. to femwfdtog apela 
to Itotol. tie meveewi ii t e «« dolbetoMw to toe te? 

iMMl im PPPiPi^iPI^ i|N 

liitolipPilliMlg ;Pir^PIMPi''mP CPiE^iPIP. UPPP' IHV. piB^Pp^PpilRPi- ^ 

||iii|g|||| ^^ pji^pip' ^ 'litaiiitii§ tab ft ' 

ilN^ftilft' flpiil|psiiftiii. ft. .fttaitalftfft' 

•fPP PPPp w^PMI l^ppHPPnnib _ f.pp mfwm Pi mmm wm 

'94 itore Ip a vtotot m e v-toMi i i a i m toai Mwb .etoail i 

iPHPipppfipP^ WIm W 'i 

Hm Mi# Im ilPHiiMi Ip n jMitePii MiP HI' - *V' 

IPPPH^ ftPifr ^*¥?^PWPIPl|iPIPw ^ '^ipW^w-w- 'W- t'OTiPWs* ftPP- ^ 


A schematle cUagram of a aintoe unit is shown in i 
Figure 5. Air is drawn through the outer cylinder, iJ 
designated the air-flow tube, by a motor-drlTmi fan, 
plac^in the ti|be at the floor level of Uie biiilding. Tni. 
inner m centrm cylinder, C, insulated from the air-ffow 
tube tor an inSutoter of amber, is connected to one pbbr ' 
of quadrants of tto electrometer; the ottor pair of qpito- 
rants is connected^ the case of the electrometer which 
is insulated and nuMained at m constant potential of tOQ 
volts or lehs by batteW O. Across the two pairs of qnito- 
, rants is permanently connected a hi|d^-reslstance radio¬ 
-active cell, R (1(^2 ohms),\of toe ty^ modified by W* F. 
G. Swann and S. J. Mhuchty |4]. With proper potential ‘ 
applied to tto electrometer-needle ftom battery N (mi 1- 
dom more, than 100 volts) and with tto arrangementoan 
outlined, wlm air is diewn with sufficient yeloeity. 
ttoough tto air-flow tuba, tto alectrometer enerlmicea 
' a continued d^ection, tto magnitude of wMch Is dater- 
mined by the conductivity of tto air, toe potential mWUvd 
to tof central cylinder, C, the resistance of foe Wafodac- 
tive cel^ and tto sensitivity pf the electromster.XTto 
aq>]mrab^ measures either posittim negative ctmduc- 
' ttVitot ajecordlag to toe sign of tto potential aiqdlad to^ 
toe. (wntM cyUnder. To a guard-iinto G* to iqqdiid / 
aearly,m sama potential as is anpUad to the cantnw 
cylimW, any Imk across toe amber sunpdrtli^toc cen¬ 
tral CyR^r foua betog aiinliadsad. y / 

In didbr to dctartolns tto\bnna Rm from vfolehjtha 
alactnmeter dkflaction profoi)^ byitot eon^cttvw 
atoU bv mwasarad, a,aat of (Mwpntrle cylindersiia 
ampisd in foe npfwr portioa Qf\toa air-flow tube tliai 
fortob^la cyBad^cal toadkmMW, A, of aleetrleal eiwac- 
ity mack grealHr than tost of tot cmhimumr-i^t foito0d 
ty tils ewtoral cyitoder sad tor-flow tifoe. Oefikif^ 
bGwr, for a period of ttewe to five atoniMi, a ptoimttal 
of aboot 300 volte fo apidiad serosa A, from a ptotory, 

B, torough tto 9p»rmM of tea raby f. At such tfmM, 
all tea kms of SMblBbr graator tou 0.1 eW ptr aec per 
volt.;p*r cm are drown cot of toe tor stiwato^^ aotowt no /' 
tens arrtvw to toe emtorto cyUnfer frc» tea cmiddo, 
aw toaictf omi e tar daflaetloaa fsU to a pototiim rtepto^*' 
.. teg aoro-cowdiettvtty of tto oitoelde air. . ' ' /1 
' TUI. aero wUl wst-eolBCfie wlto .toot .oiiwaed.di^g 
caUbraB^ for tea emilni aylftaier. win :afllll collem \ 
foowivtow toat are pewdhmed by todteacBvw imb^^ 
ietoted..oe toe wtrfoeae of toe 'mr.-flow tebaraai cetortov 



wtot as‘ tertei toe 

rmaf i m ee te i ®e awrw from wbftto toe dtolicfotes rmtef- 
iiiiiiran Bw ewnitesvffy of toe tor'tomtod bd .aMasnivd. 

" AeeorvtototeBmtoemytotleiVBea, to^^ 
me drawn te toe eetoral .cyBtoter whea toe apfouateei la 
amrr«to»t <teawi from « reqakm bMOtoi ly.a eyttadrh^ 
aurtecw Tbte eroos-yeeell^el area of ,ttla. retoon,to te- 
'vwsie^ #rs5nofte8«iJ te toe ftoteeffy, iL 4f'tob tor aai is 
dfcrw^B^ profortowni te toe pteeffal-<W^4teW|i 
tween toe nWer awf wateto cyRaAa'ri,jte mstoeese’^ 
anwdaii, C. to toto pwri to toe .mm^ cytotolw.fytota 
etee* la. eapaw t d . te .towtor WBrnml, eto te toe memm* 
f,.to toe tee* te qmMtowi.- 'to brng. aa fpa eatertfeir^ 
tewt to aie sftsae-mtotoeto. «wa ts teei'toan foa ratote 
, to toe mm' rytoeim to ae'aipertoawbifte a«mratof . •; < 
m wa wKre e toe tone Mtoeetoii|p».' 

fis «nlBi*dw 8W riding nmr to ma^ 




*V.. >*■«- '' ■ 



iWlOITOlBIC^lLICTIHC INBTOUMINTf AHD OBfEKVATIOKS 


mlLm -om iffi rt i t Hg IWM dcaerilMd, C I 0 about 0 cn,| 
il^feli iwpIT y km itaa.XOO ToUa, and U is not Isss' than; 
l|^«i|iKr ise.'As ▼ Is kacnra to be felose to 1.5 cm 
g# pe iMOf sottpor caa at sea leiwl, r ih found to bs 
kmmm i em adisroas ths radius of tlw air-flov tabs' 

'is ijpl* ' 

tiaiiiii has Shown [51 that tiw msamrsd and not tho 
etnUpAsd fslsb of C, w capaclbr of tot part of to ' 
eHtodi'*e)itolsr s ystwa totadtng to supporting 

wtoi te mqpamA to to aif-currm^ arast be used, TUo 
ppttes net (Hidjr in to ease of to calculations made a- 
bofs, bst ato to to amapidntois of to true nmto'- 
fh^froai toforaaala dervtoped btr Rieeke {ij. 

itocnttol to Sieeke, a itorged store Ptos0 la h 

strasaa of air of suffietolly Mifii eelocitg so tot effects 
Of dtfbMto, iw-tonsattof asd reccuBbtotto of toss 
tto be iMtoetod Imnhi its ehargi at a rate gtfia bg 

.dQ/dt - 4WQI' (2) 

where Q is to eharw of to atop nd’^ i« to aBl< 

peter («ndaettfter« mtm [•! skowed tot tete.toranite 
i^toM to es^te a ehsTfed store tat ateo to ft 

oharfad bsdr fli to tope to eoasstotor tobss to 

to ssfttol etotor of a OeidlaK eoadaetMteJtorshw. 

to to stototvlte toertoa, Q • TC, Y to C 
dsftasd as preito#. tosto « top to« ta rewrtt- 
huB as - '1 

" -j, ^ , ’■.-d0t*ifcn'': ' :0i, 

to pastite dlJto htog to eerreil «r to rtes-of ifts- 

aapteiisetriPtetoototoli^fetoiiitoriMBto- 
llte esS. Asr deairei rates toSf ta totoid 

bf totoM «< mitoatoi iptoto aSaoto to to Maj* 

*** teMtaSThiSi eetesiHdte topnss la ftpas % to 
lMiM!> ■asatar of a Maatt eytotetol etoassaWf % to 
eiMM«ted to tot purt el to idreutt wito teetedae to . 
mailrsl eftofsr,' ftorteg repto reoctotel, to stelta 

’ ^ Itoto ii Ml llMl W ' . 

to radtoaetoe sett to to eperaltec totevp, <!» Ito 

e aBbfiito i, tetoff # to Peewtoeiid^ to teto el to . 
raitosePie mU to asseeMtei : mi* <* parfra s te art 

eartod, to to ester SMMtor 4 waiMMr • te «to - 

pelad te a tetoai etosit elieli rps as • etre ste^ittr' 
ewsad an • top. % Mi te tteWMd elss bh «se M 
The 'pteet^wwiai teto te eeasswted' prpi a eummlm 
tstort, #p teds tut teUP te eartoi. 

WMI It I 

eerSM to aada «f to aptrai eto to to tetor rewiteei 

p tted to rato«'«tetot'aittres ato* % to itertwtes 

to Witt dillto btewsp «# rerrto tor itosih to fft- 

dteaetoe p^.,sesiteaalte,« to rPtoa <1 to top te 1 
.stetoiaii, a eteadt dsitotoe eitt h# eitei is i wtoh li 
itortonsi It to ateeirawteto iea«|llr«f * to fiiMI 
aa«e af to niktottei. «ei^ to fWte af 'wrldStei te ,|ft* 
teidto te to'atotet eplstl, to a pPto* \ toto 
PattPtopptetoteto witetoto . a ttiTAle 

to fftte te eartettp te yPeP i l . te to pretei etow^ 
tep to eprete toeto to wdtaatelwi te pepli 
'kirto the rstrete tortef teaaiwfest. eai te wwM i to '/ 
M te wrCtl to eto to to wfuup ere epai / 

/ ' • «a€fb m 

tprnmm i wpatoi e ewto te iiteto’IWtep p iiteapi i i i i - 
to te • ptePteto «tarfeal'% totor- tePteete. Atote^ 


for the current, as given by the calibration apparatus, ^ 
may be computed from the constants of the apparatus. 

The capacity, k, is about 10 cm; there are 70 turns of 
win on the calibraiion drum; to speed of i[ot»Uon of 
to tlrum is about 12 r.p.m. and is always k^pt as pre¬ 
cise^ as possible at a giren ralue by adjustment of the 
speed of to driving motor to give a constant tachometer 
reading. Tta vilue te V' iday be anythto up to SOvolts; 
usually it is applied in stegS of three or four yolts ao , 

that ate or seven calibration points an obtained at each j 
cattbraUtHi. H, for ormple, V' is taken as to volts, I ■ 
t to to current lodY'/dt becomes 15.3 x I 0 ~i esu. 
conductivity,'!^', taro is 15.3 x 10 “V 4 »CV, when V 
must be in esc. Now, to value te C is 0 cm and when 
V, to voltto aivlied urop to central cylinder to 
air-ttow tube durii^ ngubir nnductivity measurjHBPte 
is, for example, 20 voltL X beromM 15,3 x 10 ^ 4 ,^.P 
or 3.04 X. le^estt. For tto tone te conductivity, cp 
can ccopete to electrometer dtelectloa cbrnapondlag 
to a givee etectromcter senatttvlty to given natstop 
te to radtoettve pU. If to tol naisteiip la l(ttS 
oteaa, or 1.1 mu to to prnat is 15.3 x iQri ms, 

Ihp to Pitep drop aerop to pU wlU be IM x 10*4 
ep or tote (me<*hatt writ tt to apaitiTi^ te to eto- • 
troaielp, p aMaanred P to ptotograpidlc sbete at s 

dlteato te pa ator trote to eteetroteeto, te OO^^atm 

pr volt, to dafleetip Qbvtouaty will be 30 tea. Qttar 
pttagp prop to drum gto other vtoma te eiterpt 
with tosf defleetoM, firote which a saitBlde eattbrittp 
prvt May be diwwft. - i 

ftoi to toegteiii It wUt ta pp that to iftajor 
Mrs te egtotesst ta to ippapteft are: (a) toftlr-flow 
Ito, cpteteto ttte ftaxtttftry P i to a pr ap to air-flow 
tee; Itt M cmdrte cyltedp; (e) to etoctrcmeter; W to 
rtetoettve ptt; (s) to pItoallP apperatea, to^g 
■ pltotetef c au d iPa r and ravtevtef drupi.-aad g).hte-' 
torip ritedrP Ip omif ptewtoOe to virlop parts te 

** SmSk ipips to Pto Sad-fttertte p to photo- 
grsiiie idMtanito aptey fwlatetel te topxlto7^2 
depot apt eweh 'hpr m tot a seto-epductlvily.diflsc- 
ttea ap ta rePfded ste peptod by the 
Pitedp wiich mm aaeWBopd te' ooaPcttoii.wM to P®-, 
tplM'fretttete fweeedp. r 

the tegh-ft testes i p ctel tpid wtth the>c>owdPto*y 
ppurtep te a aPtttol toa te to Ptt devetofPlta . , 
.ttrepna fli.' A cyttadficaJ toPtor liote 10 Pi^te te- 
laifiT pi torn Id# te allver>pated taslde. te a 
depoptoa te to tap te to Ptt te a e»r«i^ ^ 
ppgl *M tofteii fawiPi artrate astt, coattea^J to 

' If pr nte latewaa, to'eatt htog ataP wtte. bah^ 

mruto pd to wdateto 'hahad p p te dop te {NTpar*- 

ThetotePiprtePt ^ a l w f .iieP. 
te step wtph te ten te pvpwd If adtekte telmto l. 
Into to ihwi# to toP» 

nde laet te p teptatev te atadto} teraateattegtepatel' 
total pwPwd wtth fiteP prteto te to tap el to P U. 

Pth ^rppect; 

to tei#te te to teeeteadp^ aafW ^ 

af to etei »vwr • espplpalle raaia. The |»te*v 

toptetoapppv *twe'tra d p y^^ ^^ *^ti ii 

, a aitate pwritesate lteP?M hetww p_«a-iPf 
jljm steS pd vto# pnp to p betwep to vatee 


A^littPBlIUC-ELECTmC RllClLTS AT TtJCSON OBSERVATGRT 


.|iifMiliettvttjr mA d i)» etoctrometer;. TIm - 

Rwf ndtosiillTO e«U t« sSectod by ehaates 
parmov* of the sir. Any prOei^e 
can nmlly be n^Ateted, 

‘"fH*"^*'* * ctteet ts sntBeiently large so that the cell 
ihMM bc wmi hi h tnBp«nlare<coBtroUed location i 
nr inBlWfr pawBRe. AtTnno^wl&thecondacttTlty ap- 
pawrtin Itnialieg to a gpeclal|y>«msti^cted,b^ ! 

Rn tenfentare e artati ing were foanl to be safflciently 


sauUl to permit effects of tenperatare to be neglected. 
Freqpent calibrations allows for adjustmmit ^ scale 
value to a change In temperature with season. 

CallbratloiiS.— Calibrations ^ the conductivity in- 
Btrumehn were, In general, ma^ weekly throni^ the 
years ipsi to 1834. Scale values for both conductlyity 
units were 'maintained between 10 x 10~0 and 25 x io*** 
esu per mm deflection on the photographic record. . 


SUMMARY OF RESULTS 


Fowr-year means fov each hour the day In each 
wmtk of Rm years lOSl to 1934 are tobnlated in Table 1 
for eadi of fin three elements, potential gradient, posi¬ 
tive eoMfemttvi^, aaf n^iative coathictlvlfy. pinnial- 
Variatfoa ourvM for each nicmth (d the year tonre b«im 
drawn li)(» foMW means and are shown In Figure 8 for 
the pohn^ grndlpat and to Figure 7 for the two e<m- 
(hmttvtttes. YabHHt of alr-earfo current density omi- 7 / 
pntad ftem c or re i gaafNi memi hourly vatoas of potwi- 
ttol gra^md and foe sum of toe two eotohtettoltles htve 
hem derived for Jtontory aad }hdy, and the remdts an 
aunoMilsei to TMde 2. Tim resulta are also gtvea to 
toe form of carves to flgare I. The aiesa numtoly vat^ 
ae of toe gradiead tor toe four years varlM toxongh 
rMtonr amrrow IlmitB, anuatoBimed II lolto per miter 
, helag fomi to Dejeeadher, and a mtotonim of 43 votto par 
. aertn' to toe toree.mmtoe.of May, Seplamitr, and Oeto- 
her. Tim fternal vaitotfoa chiagpi aa 
fiyfuiMii fMyp* "ftii fMil ittffftOTff tiifyiin tlii' m ii 
aMwaMdwtaierdhnnMd-vartoflmi'ltoxveetomto . 

' t fnit Ap ipiriftnrt wpdliMsii' 

to toe mtetomm maeh,atwre n«ldto fortog tie wtalir^ ./ v 
thanRdeeedartogtod'aamuMHr. mpcvMNe.ccmdhiattv- 
ito'inatoe frmn a ammlimni of 279 to lipimitomr^ to«^ 
atfahmam of lit to pmmf. He ae»MNe Bo ai ectivlly 
tfMi a MV in SiiAntar to a 

mum M iH to fdhruttry aad Oemnnher, whea aapr ee pid ... 
to ir* ean. the tfm M fiaiitol vturlMioe .etougee iM|y ^ 
.i^igh^-^Smemglk toe leaf, to aumumcMr, toe ferty eeoratog 
aMMdaHMi, witch eccmd ttoout'toi stune Utiui of th^y 
ftre agha mt tot'yearjm goaai de r ' a hty atoaiyer toaa tt to. .- 
dcwtog flm wtoim. the atm e-Hhi ie of toe dtoawml-toiii* 

Wm mwrPi la apii fp tmmw wm ■ 

WMP -toiMi Hmi viiitfi' 


■'> ;.. IHi«usile:a ■: ■' , 

the polmitol gra i toat .et temmai, to dwegmea eito 
toil feaed to 'mMf toai shtotoae reiawm i Mh ' foet frMi'al> 

iMMatoHito to toiMd toNi' 

pISHSMIPIII' ImMIIp 

-Ml a piHiMi Wm ipwm. pi-. • 

dtn to i ie h toere ee leae regainrl|r wf«l an inereeat to •!•- 
hwaie at He atomritoie ato il Mh te aaeertoto tom toe vet- 
«e nIteiHiM iwmeafea etih leae at -;^tor ■rii-<yt^Mtoeit 
a toi i eMi viiwe at toa ftadtoit ai a eumhm «f itotonm 

MBWW PwPPf^ 'Wm -W^. 

fhpto h ftomiw ie» toigeid im to 

MMy tapviPiaalMNe «t aR toe iKaotoe m Tmmm^ toee 

iiem tl lelto^ p*'leelto totow tto> maa^^ 

^iPMPpapi pipppp pippn^ %toipi ipii^ iFhPp IMP 


that the value ot gradient at Tucson to unmpeettotty 
low.% about this amount. 

1^ conductlTity of toe atmosphere at Tucson Is ecm- 
iSlderably greater than that found over toe ocpan mid that 
observed at low altitnde statioiis relatively ftee from at- 
mosidieric poUutlcm. To compare toe value of condne- 
Rvlly at Tucson with what one miftot opect at a station 
havl^ toe samd idtlbute, the averhge mdues from a num¬ 
ber of stattons where obMrvatkom lunre bemt nude by 
the Department of Terrestrial Hagnettom, wMeh are, as¬ 
sembled to Table 3, have bean plotted against altltoda of 
toe observing statioB to Figure 10, and a smooth euipre 
drawn amo^ the points. The values of potential gradient 
and of total omdaetivlty of toa lower air amployad to 
eonstruhttag Figures 8 and 7 art givmi in TaUa 4. Ae- 
oirdtof to toa curve to Flgart 10, the vatoa of toa oon- 
dmdtol^ at a low altttuda land station dtofars lltRa from 
that found over toe ocean. The vahtaa, however, rlee 
topKRy with aMtada imtll lU Buaimayo the cotuhieRvlty 
to amra than four ttofoa as iarga aa tost found over' toa 
ocean or at k tow alRinie land staRoniu The yabta <d the 
^mdncRidto ^ Tueeon thua appears to bs 

oalT sRi^ily toirtr than whM oat ndgM mqieet for a sta- 
' tomwlto^^toutaMtaii. 

The viAm of toa Mr-earto mstmd dmtoty at Tucaon 
to fmnd to he much towmr than toad aaownderad ovwr the 
omaa, wlatiu one atoftot diphM to find a iomewhat hlgh- 
mt CBlrraul besad entirely upon toe altttHde of toe stidlon. 
A Mgh atttoMe at a land atatton results to short-dretoit- 
^ a portoaa of pMh flmough vrMeh tos current bttwwMi . 

. toe fttanui aad toa hppm oonduettog h^-muM pass. Il ¬ 
ls of totored to compart toi valM of tot csirmd idTtto- 
ami wtto tost-ganeralto eacocBtotrai over toad.. To-make 
tola eoitoarto^.'aa rndtoude of tot vartatfoa udto altl- ' 
taia of toa air*ecirto cwr.raid harbssa amdiK aad toe 
cmrram d Iheana has hees: cssatoerei with toad aagmctad.. 
tor « htoSea of almllar aRiiwia. Yafema of Mr-eirto - 
Current icxMdiy;.|wr vartoiMt a lttti a iea have beia ecnaputailf' 
friHS ®?Mhree^po*lto| vntoes' of pcdamtoM gmdtoat aad: con-j.. 
ductovtor »e acaled tram toe irwhunitve eurvM prevtomly 
i^mamA and ateun to: Pl«iree 8 aadlO.- 'The reeuRtog 
vatoun detr'eartocurreet’are'lidfodi^toastalitfBie' - 
to Fhpfe t %4 ■ fm, atodudan above oae hm:,.tomatr-earto . 
euneni ieantor iae raamae totemrto-«Rb -attitaiia, nai- - 
wtmi extra^^toiaf-Mfc to am^ uRItoda, passes tormi^ 
to* mtoe ^toiMvved.tor toe maa*. lie hmd vatoas for ' 

sIltoiidM iMto* me i^.tamevar,.t^^ - 

<tomnsto«- atotonto.' FfW tofo e«m:, one wmdi euMct 
tor toe ^ranC at m •Rtoada afoMtor to Tam a-^vaitoi 
of ami UA X ir? aau, whifeas toa vmim Aatomad for 
- iutotoi I Ml to I«4.to 0 ^ M * ito’ami, a vatoi leea 
tom* hi per «a«i of @M)I m^erntoto . - 

An todreaae to Mr-anarto matsaal daahdy. wRh aMlada 
.of'to* -sfeewnH^I mntom «ndi ia ea f eeto d m the heate d 






Sm^iihRY OF RESULTS 


of a portlcn of Urn pa.1k b^eon 
• IHiMKM inpur eoWaottiV layer. As obserted from . 
flittii li, Im eiQRr^ 

pMi# eMi allllMie. It is of iaterest to compare 
;teer#MirtUi tlart eapeotsd os tiw basis of shortcircuitr 
b[«eljBli»]0w«r|lb«^of^siam^ Taktega 
valMi of 4Jlt X SO*'” aaqperra as tbe Tstate of the current 
OoMlir at m attffate of Raifd catr, Soa&Datote (1.1^ 
of 7.0 X SO^” ohms as fiui cobmi- 
i ear xeudiOmee as esttmaled by Glcfi sad Oiormaa [9} 

fa^^««lag^ndsla.eiiederlTesaTalHegt 288 kf 
as tts pofeaflal dtfleronee betwees groead aad the upper 
oimdKtRv layer, mth Ods value of potential aod the 


lac R la Itabto C oae arrives at the vamM of eurrwt 
glvw fai the seoasd oolfaaa of Table 4 under faMd^Jl,.. 

Is tbe tbizd eelaam of Rds table under heipnf 1. are 
Haled (Rmnht^ 71^^ euiraef daasltyJthe vuum be- 
lag sealed itm tte ^nre of flftre 11. Tbe values of !«, 
iw miy be seea, eure alueb greater Ibu 

Ti^^Bitsbii^amoo^ 

pfoead ffWBi oaitt mm la greeder tiea'UMt dtwa 10^ the 

a eomyerlaoa td 

tbe value of the teo rajd^mees becomes possible rfter 
imeoieiirtdilbireitetMiwrd^ TIdebowi-' 

pulattMi iMi bileMWul# <ni|)icyt«R observed valuee <U) of 
ourvini deaaitlss and tbe vabm 2it kr prevbmaly derived 
for tte poleidial dWlMee belieea tbe groaed and tts 
Uiqfor eoededldl lifiy* Tlume valaea tj^pfoer uitbiboae 
tar tielfie afoMatlenp are pk^ aga i^ amfodete 
FtpoelS. rwtdlliisec*»veeltlaae#ibattbe««er- 
mfoes to tedhrtasip tefease vlfo altfidde. On tbta baslay 
'Hmpf^emMPcdfiW'grouHl aetQMdyicfofo laertaaettis^ .. 
iDtal oebueaar rselstaaet of fos iteo^ra, bid ta» 0^ 
fe«t.lB8ieaeMiudlbaltttadS:0f IbsedeMWTf^ . 

*Tb*rs tMgrbs siifosladifoirayfoia«iifoJhfo,i«9^^ ^ 
iaasaes to eobuawir rfstataect. Tbe dBset of eiwdie- 
Mdloa leeM bemsdtofo]^ si^Bpwts ib^If as fos pomdl^ 
oaass im’^lbs iaereass bi eolumaar rpdMaes. If tUa is 
fot eapbarntteUi Hum etIbKr tbs asaHMa' of Mcfol mwd 
taoreass «ltb aWtede m tbotr sffoettVMSSS ta rtdeeiag 
8w omuiaettvlfy of tbe air amst iHorease with alHtede. It 
■ la pomible tbd Sbi ecndblmdloa c^eRbdeat beteimi caSaQ 
•ad large Im ma iacreaee with a^dfsate, .b» Pfm>m. ' 
TMa, bswever, lita ge e at l ca wideh idtH rwaalae rmm 


fo coa««th^ Ifo vabPa of Ic 1I«M 1» TdMb 4, 
ooufreepoudlag vabum of R,,lbd«l la ttda tato were m- 


.sufo^ to hold. There is some reason for beUevlag Add 
the values of reslsfonce are too small. For iJcample^ 
the conductivity of the atmosphere, as meamred aboard 
grp^nrar n uhowed a decided decrease above 19 )pa altl- 
Thus one might suspect that a relatively h^lkM 
resistance layer exists in this repon, and tiiat conse- 
saently the total columnar reidstance would be greatmr ■ 
ttan Hiat esttmated QlO.S x lO^O ohms) from the Eamtentt 
S It is possible to calculate the total columpur re- 
Blstasce of the atmosphere oowa to the vailoim altttudes 
liMlicated In Table 4, malcing use of the Bg plorsrtt data. 

It Is also possible to compute the total potential dllfcr- 
ence between the ground and the upper conductlsg layer t 
on tUto same basis. The difference in resistance between! 
tbe 1.2 and tbe 3.0 km level, as shown in Table 4, is 3.0 
Xl^” ohiB8. Asauming Ohm’s law to hold, one^lsii 
®1 2 ^ 11^2*1.2 Ea = ii^a. where tte sub scripts rrfsr 
tam alttbute of tte station. From Talile 4, it Is seen 
tbit Bs * »12 - 3-Oi “7* *1.2 ■ f-12 X 10-18 am¬ 

peres sad is * 4.83 x 10-18 amperes; Conseguently, tt 
El 2 ” Bg, then tbe value of Ri g comes out 20.7 x 1020 
ohms and E1.2 « 8SB kv. If it is assumed, as indleidad 
Jy^the values given in Table 4 that the dUferencee be- 
twemi Ru and Rq, 1^, and R4 »£• -3.5,1.7, aad 
raepectively, all expressed in 1020 otone, then the tel’* 
kmb^K values are obtained for foe columnar reslstaaee 
of foe atmoi^re down to ground at foe respective alti- 
tufow whea aaqpressed ha tbe same units as inficatsd a- 
bova: lo - 24.2, 19.0, Rs •17.7, R4-18.T. Taking 

fosss vabies for tbe realstaaees and aasiuniiig that foe 
potmdUa dHXerence between ground and foe upper con- 
dnctti^E layer MS kv, we find that foe vabtei of tba 
atr-MTfo otrrmd Masity at ground etationa at foe Isdl- 
c^alttbideefiveB la Table 4 may be computed. The 
valuee Of foe alr-earfo current dmudty thus computed 
are pven under beadtag la tbe table. A eoauparison,. 
<d fouwe vafoM with foose obmpved sbows excelleat 
agreeaMPt It may be eonctuftod foan that If a layn^ 
air with i rekUdae^ ammmtlag to riwut 18.7 x lOw 
Ohms eadste above 19 km, or foereabouts, foe total re- 
toctaace from outer ipmee to ground is tbs ssme ss that 

cl tbs free atpCai^e dkiwn to foe Huae sltitedes. It fo 

acd Msy to adimit a rwistanee cf 18.7 x 1020 ohau be- 
twen. eay, 20 and 89LlBi» TMa irould regulre an ayer- 
•gi reelsHvity of about 2.2 x lOlf ohms cm or aa sver- 
attoonduetlvltycdifooutdOx 10*f esH. Thisvahieof 
eoadnctivity la oaly ibout hsH that olawrved at foe gyeat- 
tst attitads reached I7 tlm JSlBlailllJL WMle It is ek- 
Cramely unlikely that such a low conductivity occuTn at . 

«ch slfitudee, foe posslbUltyeannotbeeidirely ruled out. 


mUIKAL VABATIOK Ol^^TlKJEPHERIC-ELTCTRlC ELEMEIITS 


As prevk^ poteled out, foe etoctncal conductivity 
of foe air at Tucaon la, on foe tfermp, eomewlmt greM- 
«r foaa foidi *4yitteroo, Weelera AuafoaHa, hut lUs not 
he burge ac fond eaccuudered ^ Baaa»yo, Peiw. T» 
fsftaltes, lifli vit* ■ 

. foal found at amay hrad atattamh. Tbe-vahiea ri^.lD a 
ffort im foe early awndteg hours sad mrm <9 a 
~ mbdawaa'Aarimi'foi hfoe eveais«ibwa>- Hhtmal-vaijla- . 
fom CKrvee are rtmea Iw poi^ve aad aiialtve.cMifo^ 
fod% for foe moafo of iHumry, IMI, la figire l^Tbe 

corfiipmfoM hourly valeea fw fod two 

are timoci fo m Ul i rtl ttroughaut» ««re day. tbe «- 
^cf lodHSve hi afopave aiiBfofHvt.ftri , 


about,1.10, ii greatest dirtiig the daylight hours, when 
the potential gradient la grwdeet, and is loweid during 
foe eii^ boure, when the potadial gradient is lowest. 
Tbme resttlbisuggcst an electrode cfiect wherein foe 
negative ccrafotctivlfir ie reduced at foe pobd cf observa- 
tioa fozough the actfoa (f ^ earth’s electric field.. 

The average vafoe cf^ potmtial gradiStd la very 
Qi—liar to that found at Etoai^ayo, but It is considerably 
less than that at Wafoeroo or that over foe ocean. The 
loBl^Utadfo of foe dlarBal-variifton curve ie nnuena^ 
lex^ at Tucsoa. In gneral, foe i^gtt vahum are low as 
owuiared. with foe foiyUi^ nines, foe former averaging 
less foaa haH foe latter. The dtumal-variaficm curve 
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■ELilCTRiC RESULTS AT TUCSON QBSBRVATORt 


§} 


ieo' IniiHuyy lSSl, is also sliown to 


^ilMi iilr-HHarto corroit At Tneson is, oa titt aTsrage, - 
ecMlit|l«ri^ sandier tiiaa ifeaifanad at Watoereo, 
BhMi ia i i e , or gyar ilie oceaa. TUs eleiB<nat shows a 
pirilBstarlj litofs daiif raziatlito at Tacsoa. Eztremelj 
low iiinNi are saeoeaptered At ai|^ areragtog oaly ^ 

AlMii^ lBdSSbsifeeDntom to^ Dortog the day 

fts gBnrwd rises to a aaarinmsi, the Tatoe of whteh is 
sotossiiid itaM toe dAily StoatosaiB fooad orer the 
oeesK. A eery rApid rise to toe yalaes, aeuniattof Ai- 
■ost to a sed^ tocrease, oetotrs aroead OTh to OSh. 
•mm is itototraisd hy toe dtoraal-rariaticn curwMor 
IVMury, im, itoowB to Flgare IS. For compari^ 
ton cMtoSB dtorsal-'yariatoto earn for tots eleaieot lor 
lusMiry, 1816 , is flso toetoded to the figare. R toe' 
oestoi atriw is ^RPtoal of fiw way to wldeh fiw total 
petaattel hitwa a a earth sad toe B|ii>er coadacttog layer 
varisi^ tom to se^aat tolly lor toe yariatltot to toe 
alr*earto dma% id Tacsoa, it apumrs aecsswry to 
■isaais tost the mhiiaotr nsjafttirs at tWn fftofi^mt 
also mrtoi gretoSytoroagh toe day»^ 

lirtiiltwi to wlwistr s^ of 

totoreidtoadimaplaBnM^rBtowtteTmaoaafmosid^^ 
sifeirto dAto to m stoirt to pd a hettor aad^ 
di^ho*, md peitoiim wl^, toe eotoauau' retoataaee varies 
so aMrisdllr at Taesm.' Aa .ahallntts.toui hem sueto'sl' 
toe itoamiiherle-etoetrto elmamto at Tmsoa to ed»- 
ItaiefimiiitotoeltoSIlto^ If R to asiipied toat At 
ai^ ttwtoffit toe tetol pota^tol imwem toe mrto aad toe 
«l)per omiaeiiV'h^wr to toe aasM At taeacHi md as 
, meaa stotim, R toUowa traa Olaa s tow .IM : ' 


' wham t lifers to toe idr<earto mrrmt dMMid|F aad R. 
is toe tolid reshtomm to toe verttofl mtoasi of toe at*. 
aMMAtoAre hetw e m toe earto aad toe apper madiwttoi ' 
toyer. totoetrliii o mmI T rater to vatowt oier.tte 
oeeaaead.ito1toMoii,reafeMtoNwlto'' - ' ' . 

. tt It to aasHAed ml toe reattotoMee % to maHmM 
two purto,' t* -pal r, whefi' r Niwi to toe eoimam^ .• 
reetotMtee hetwem gramd aad todfia h aad r^ to toe 


columnar resistanee from helAto k up to the coi^citog 
layer, it therefore follows that 

io/iij = 1/R(, [r'+ t] 

Up reiKreeents the resistivliy ot the air in the lower 
layer, thm , 

■ io/h = i/ Ro[r' * ' " ' ■ ■ 

I^m a^Skdof the raid^ 
obtain values loir r'/R^ and h/Ro. Such a plot has hem 
constructed and is Shown in Figure 14, employing the 
January, 1931, data fior Tucson, and January, 1920^ oceah: 
data. To utiltoe simultaneous ocean and Tucson ttoto 
would be detorable, hut Is Impossihle Inasmuito as re* 
lyiM* data at Tucson are not available during the year 
1929 and no pceaii data are arailahle for 1931. Frost 
figure 14 (me can sm that the values during the day- 
Ughj hours agree rather closely with a line which mr* 
responds to a hei^ h of 3.2 km (assuming % «1(^1 
ohms). During the ni^ hours, on the Otoer hand, the 
valam fall more closely on a Use whieh corresponds to 
value h • |.8 km. The value thoa derived lor ri is ap* 
prmdmatoly 40 pe r cm t of R p fo r bot h daylight and night 
vajiis. tm dluiai-variattdn m for the iir-!earto 
eerrsiBl as well as the absolute value of this element 
tins mpmr to he mq>laimible (m toe asmmptioa that 
totting toe dayUfto'^ hours toe eontoicilvlty of toe lowet 
layer of air, chajraetoristlc of tout found near toe ground, 
•xtmds to an effective hei|^ of 3.2 km. During toe 
niAtoJtours, on toe (^ler hand, toe tower layer of alxi 
astmrie to ahoat twice tola het|^ The reriptouica d toe 
layer of air IjtoAi above tola is aemmed to be eonetant 
with time, end to he ahoat 40 per e«Bt iR toe average 
total f^toanee of toe air over toe mean. Oneeaimot 
cmutoter ttle ae pimR itott there ie actually a ehaagi in 
hto^of toe tmnt Uiyer. tmal&mt Aqttamtioit for toeee 
rmults edght he eomridtred U toe e(MMhct|vlty of the air 
la not comtoml with heiji^ hut Ie a ftneffod of hctiht 
The results on tole bams would retpdre tott toe omtotc* 
ttv^ decfwem wito twIAMf pertomhurly durlag toe night 
houre. R to md pmsrtite to toAdagriito hetwem toe^ 
too possthle sa^eaaffomi. ' ' 
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symbolis iiid totters have beeb g^yen which , 

..•d as follows; , - 

if. -pst half bracket f J is usM to enclose one or asore 
Jhottrty Values which weatfibr notes hsve indicated as hay» 
ii« been obtained during periods when high winds, smbln, 
fog, Biis^ luBtse, and otoer effects likely to be associated 
with poltothm p^ctos in the atmosibtore have been 
|>res«nt as disturbing factors in the vicinity of the ob- 
seitatoryv These effects haye been taken as being some- 
fld"g other than “bad weatoer,” the latter term being 


reserved for effects outlined in the paragraph descil^g 
toe serrated bracket. 

Tyidcal dl the disturbed periods in potential gradient 
tor wMch the half bracket Is used Is the period front lOh 
to ITh on Noyember 4, 1933, which is shown in Figure 15. 
This figure shows records ^ potential gradient, positiye 
and negatiye conductiyity, and a curve of wind velocity 
drawn up froin anemogrs^ readings. It will be noted 
that daring thb period when wind velocity- exceeded ten 
miles per hour on November 4, there were frequent ex¬ 
cursions to negative values, no one mtcursion, however, 
belivg of more than a few minutes’ duration. Probably 
swiito <to*t particles, stirred up by the winds, caused 
thM wteet noted. 

Mkny cd the Tucson records 3hoii^>ese brief excur- 
8i<m8, Ktmetimes repeated several times each hour for 
several hours in succession as in Figure 15, but fre- 
gueetor ocourrlng only as single. Isolated departures 
from normal pototive values. 

Tte herratod braclmt O to used to enclose values 
obtoined durii^ rains, hailstorms, and thunderstorms, 
and when heavy etorm clouds were noted In the vicinity. 
These effects have been grcmped under the general clas- 
stficattOB. <rf “bed weather.” 

the totier » has b»m placed bffore hourly values of 
potiwtial grsMtient wMchoa* the average are positive but 
wtoeh iaetode some reconting oi negative gradient. It 
ims not bemt possihle to indicate the duration or magnl- 
twie of toe negative value, but in many cases such values 
exist tor only a mlimte or two in the Iwur, and appear as 
very suddm exeurtoofis from toe prevailing positive val- 
im'»,toe phtdogrepwc reeoiti. 

the hrtler Z ag^eers In place of a numerical value 
of pohHdlal gradient when rapid variation In that ele- 
mmd prevents imfiefactory ptootograpMc recording. 

Vhiii toe rtMWrd indIcstiMi with reasonable certainty that 
IMt^ potential gradlmit has existed throughout the 
AaiifMI Isterral, ts used, and Z- Is used when neg¬ 
ative gratoeafi has been* recorded toroui^ut. 
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FIGURlf 1-15 


figure. 

1. Atmbspheiic-electric building. 


2. Scbeidatlc diagram of collecting system and electrometer . 


3. Recordingpotentlal-gradlmit (Apparatus . 4 .. . . . . ... . . . ... ........ 

4. iRecording conductlTity iqpparatus with callbr^ng potentiometer. . . . ... . i. . . . . 

5. Schematic diagram o|[ recording conductivity apparatus with calibrating potentiometer. 
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5. Diamal variation of poteniUal gradient at Tucs<m Magnetic Observatory, for all months 
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i. Oiaraal variation of posltivv and negative conductivity at ^cson Magnetic Ohservatoryj 


for all monttis of the year, each the mean of four years, 1931-1M4 . . . ... . . . . . 

9. Dlmbial varlafioa of eonapdad air-earth current at Tucson Magnetic Observatoary, for a 
winter 0aiHiary)«d a summer Q^dy) month, .«mh the swan of four yMirs, 1931-1934 . . 
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10. Varlidion is eomh^vl^ with altitude of station 
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II,. ytn^4 flf 'Mmoepiwfle'eteetrle elementa at Tucaon .Mapietic Olwarvntory, 
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Fit i tl/oodwi Icrnwra aurrouad aa laatr caicreUl stnicfatro. with 80 cm «lg 

Iwtv^. iBmrt s^s potratUl gracUmt collector-rod with Ionium coUector-diak at tip and tubular 
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14. VartattoB to cotuBasr r«sisUms* 0l<i>} at Tiicscm MagBcttc Obsarratory wlto reidsttvlty (») of the lower atmosphere 
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¥abl* 1. Fou*r>year means for each hoar of the day In ea^h month for potential gradient (P.G.), 
positive conc^tlvlty (X+), and negative conductivity 1^-), 1931 to 1934 
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Table 5. Monthly mean values* of meteorological elements at Dairts-Monthan Field, 

Tucson, Arizona, 1991 to 1934 
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OC3IOMATIONS REMARKS: ^ - 

#«ALL OAVS COMKLCTC M •OTH AC^ITIVC AND NCGATIVC CONOUCTIVtTICS + DAYS COMPLETE IN BOTH CONDUCTIVITIES AMO IN POTENTIAL OPAOIENT i^SCLECTCO DAYS 

( )alNTCNPOtATEO C ] *APPKOXMATE T J^APPEAPS CONSPICUOUSLY DISTURBED BY POLLUTION $«0ISTimBC0 BY BAD WCATHCR 
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POSITIVE CONDUCTIVITY AT TUCSON MAGNETIC OBSERVATORY 
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COMPUCTC DAYS f»*ALL fMRfS COMPLETE IN BOTH CONDUCTIVITIES AND IN POTENTIAL GRADIENT ±«SCLCCTED DAYS 

( )«INTERPOLATCD C l«APPROXNiATE f j«l>ISTURBED CONSPICUOUSLY BY CFrCCTS OTHER THAN BAD WEATHER ^sMSTURBED BY BAD WEATHER 
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()=Interpol AT ED [ ]=APPRoxrMATE f j =appears conspicuously disturbed by pollution disturbed by bad weather 

















































































































> 

a. 

o 

(£ 

UJ 

(0 

<0 

O 


I 


a 


s 


X 


? 


!! 

i^BEI 

0 

0 

I 

• O O O H 

O H H Q O 

0 

0 

1 

I 

I 

0 

0 

I 

0 

0 


■ 

■ 

1 

si HI 

CV UN Q CS> <0 

<0 <P 00 ^ 

H H 1-4 8V H 

5 ? 5 « 

H r4 H H H 

^ S (^7 

H H H H H 

Bm 

D (7> 4 U) (O (P 

9 iJO H P o 

H H <V <V H 

o 

o 

H 

m 

O 

H 

O 

H 

1 

2JS8S 

8281 S 

**228 

32512 

R 8 R « X 

N H IV W ,H 

P P OD rn iO # 

00 in o UN H 

H cv m H H 


H 

CV 

P 

H 

1 


t ^ s s 

<V H M N H 

R SI g* g R 

3 H 3 ^ H 

5S2SI 

533*88 

on 

cv. 

H 

g 


? 

8 ISSS 

^ ^ i )? 9 

H M H M H 

<v S^ fn 9 

H ro O UN Pi 

H IV H 

'X 

S32SS 


252*8* 

Cyi 

o 

H 


X 

H 

s 

ii 

»:i s; 

CM <9 >4 >4 

R 9^ & S » 

H M <V CV H 

<V H # GTi 

8 R a 3 

00 IV S M> 50 

a a R a H 

RiR t^ 5t^ 

H fV H H H 

P rn H cv UN cn 

*n UN H cv P P 

H H m H 

5n 

H 

o 

o 

H 

H 

NO 

H 

1 * 

Jo & S R 

W M f-l H 

rl ^ rr» ^ 

UN rV «0 00 iH 

H IV H H H 

fo O rn in" €h 
9v Vn 00 P- H 

H H H 

^ 2 ^ R £ 

P Ph CV H |S 

R 8 a R ^ 

UN op o Un p m 

0 4 P o p 00 

H H IV H 

<Nn 

H 

rn 

H 

11 

• 

O ^ ^ P* #o 

P r« iH 

IV W H H r-l 

WN ^ 9^ O lO 

» 8 Si 

9^ 9^ H 9 

a a ^ 8 ^ 

ft St ^ R 2 

p 'p 9^ UN ^ 

m D> Pi 9^ O 

H IV H 

^ CV H iO ^ on 
00 ^ jn 00 00 K 

P 

<v 

H 

10 

CV 

cv 

H 

1 


B 

ro m ^ >P 

4# p. u> m o 

H H H r4 H 

W rn M> Cs. Q 

9n UN ^ M> 'id 

S^ ® 9 ^ 

(V 9^ 00 9^ 

H rl H 

'Vv 

^ H in H r'N 

iO H 4 1'- 

H H cy H 

m 

m 

H 

% 

H 

p 

a 

i 

1 - 

ti Z%Ss^ 

fV M <v 

fl U\ ro ^ Ql 

S S 2? 5 S 

ro O 9^ ts. 00 

C<v vO ro H 8> 

H H H 

<P p <p >D <n 

CN ^ ^ 00 9^ 

^ 8 * S a 

^ NO rn H p jr 

a a 8 a * 

CX) 

m 

H 

'5v 

rn 

H 

8 

H 

s 

h 

^ ^ 

8 8 S a i5 

R & S S S 

H rV H IV 

>D O H ^ jO 

H UN fO H to 

H H H H 

® m H C4 

o) 00 o 00 q 

H H 

^ m H UN 00 

O ro V o ly 

Al (V H H H 

cv cv cv 00 9 

cy cv ^ NO O 

H H cv cv H 

5:^ 

H 

CV 

m 

H 

UN 

H 

H 

' 7 


R S ^ S » 

H 1-4 f-l M 

St « R S S 

H r4 H H 

28 R R R S 

cv V; p V* cv 

UN H Un <V O 

cv cv H H H 

p NO IN* NO cn ® 

o m o m UN ® 

H H H cv 

St? 

H 

a 

H 

S 

H 

1 


^ H 9^ ^ P 

00 H nO P* ^ 

•-4 r4 H H 

9^ P V\ M ^ 

m H UN IM 

H H H H 

^ P. ^O H ^ 

S O rj 'J 

V* H 9^ M> H 

cs- 00 m CV 00 

H H H r4 

cv NO ^ P UN ^ 

s a 8 s ^ 

. ■ ■ -H 

P 

<V 

H 

'& 

H 

O 

H 

H 

Q 

8883 3 

lO H <t <P Q 

P> IV 00 oo ^ 

r4 H p4 H 

\- 

^ ON 0\ H In. 

^ ir% #n UN UN 

H r4 r4 rl 

9 UN >o >9 O 
^ O rj m 'd 

R g 

H H H H 

R a g St R R 

H H cv 

rn 

rn 

H 

?3 

H 

nO 

a 

! ? 

1 Z" 

wm 

£ R R R 4 

1*4 r4 <-4 IV 

8 2 RS ^ 

H H H H 

g 5 g R 2 

#n >o 9 n ^ 

H UN NO 4 

cv H H H H 

33 52*8 

i 

CV 

v- 

H 

m 

inn 

H 

1 

88812 

R ?Si RR g 

rV IV H rv 

V/ 

8 

S R^ 2 R 

H H rl 

g RX X X 

H H- H H H 

nO P Un cy rn ^ 

UN NO 00 Ai 00 ti* 

H H IV H - 

g 

H 

O 

nO 

H 

UN 

UN 

H 

8 

I 

• 


R ? CJ « 

n W rV IV H 

3 52 8* 

R & X 1? « 

H fv 1*4 H H 

X XS R R 

H H H IV 

^ 5 « a 

H ^ IV M r4 

O 

H 

S 

H 

UN 

CV. 

H 

r 

• 

^ lO ^ ir> fD 

K » S» 

Li. 

p Vv ro p 00 

8 R5 R a 
!«• 

^ 00 UN m m 

a a R 8 s 

M 

R S R « « 

H IV IV H H. 

58*82 

H ^i> -Q M M P 

VO 't’ iO o ly cn 

rl IV IV m H H 

H 

P 

H 

S 

H 

S; 

H 

1 

St 9^ r 4 s 

N «<t <4 Tt S 

M 

!t 5i R S t 

^ fv #4 w w 

23 222 

* a 8 5 2 



rn 

8 

P 

H 


i 

M H ^ 

^ 8 S ^ :S 

*8222 

C. ^ Jn ^ i 

M H H IV H 

3 2«8 a 

^ <ig p 9 n jn 

8 St a R R 

R X g R R R 

IV IV IV #n H H 

P 

P 

H 

m 

P 

H 


• 

1 

1 5 f 3t C 

^ IV A IV ^ 

\ 

l *si 8 

S 1 a 2 » 

H«S8 5 

R R 5 R g 

M m H N w 

8 R ^ 315 a 

CV 

8 

m 

P 

H 

1 

41 

^12^1 

551*2 

R « JS g 8 

#f »4 H IV H 

83 8 2 3 

£ 8X R $ 

w rn H IV H 

528323 


g 

f4 

CV 

8 

♦ 

A 

%% 7 |U3t 

IV N N IV •« 

*558 8 

X R a g 

H r4 H Al H 

^ ^ 

IV ^ H ^ H 

H ««| IV IV H 

a 8 & St R 

M ^ w IV H 

W 

8 5 a 5-3 3 

CV 

?? 

UN 

P 

H 

§ 

' 

m 

A 

28 5*1 

R 8 « g S 


3*258 

f ^ ^ 1 E 

H IV H « N • 

St!^ Ri R § 

IV IV IV w H H 

_ SE— _ 

UN 

P 

H 

fv 

00 

H 

H 

fi 


sS2sS 

53IE5 

a **5 S 

S R 51 S 

R g R X t 

H M H ^ M 

1 

M m an H IV H 

H cv IV P ^ 4 

M IV IV ^ H 

CV 

P 

H 

3 

g 

' '^i 

, , 

i 

858 81 

‘V 

R * R * 

|ii IV m4 m 

1**32 

N 

2 8X3 a 

H «4 H IV H 

HI H H . 

g g R 5 S 

A M >4 A M 

»4 H 


H 

P 

r- 

H 

•f- 

p 

S ' 

^ 1 

s 

N. "i ^ 'V 

“ M *4. ^ 

- m m It ^ 

*0 *4 -V 

.4 ' 4 4 <■*. -. 

# ^ • • s 

<4* N *4 'N ' 

m H -4 K *4 

- ?v 1*1 It tl 

•*4 -4 ' M N «4 

' ■* H H K H . 

• t • 2 8 

_-23L-2_3—. 

H H H - 

A 8 S 8 8 

H H H W X H 

S M XI JS ^ 

1 

? 

y 

r ' 

y 


« 


OATS COMPLCTl M lOTH POSITIVE AND NCGATtVC CONOUCTIVtTtCS +=ALL DAYS COMPLCTC IN BOTH CONDUCTIVITIES AHD IN POTENTIAL GRADIENT 

( )«INTERPOLATED tIsAPPROXMATE f j^APPEARS CONSPICUOUSLY DISTURBED BY POLLUTION ^sDISTURBED BY BAD WEATHER. 

































































































1 


1 

u 

o^ 

>1 

2 

'& 



1 

5 

(M 



22 

30 ^ •CM 

rM H ' • rA 


CM CO O ^ ^ 

rM «-l CM ri 



00 

H 

cn 

9 

1 

% 

{M 

CM 

t St 

CM 

H 

■ 

H 

H 

H H 


C^CO'fM •< CO \ii CM ^ H OjUNh-OK • 

roCMCM * O • 

CMCMi tH HHCVHH 


• a m^o 30 Qoloo 

'•db#r»*o \o no|>a 

• H'HHM H hIh 


• IsSo^flo# ^ "2 ^ 

• CM HHCM ^ 


•t rM «0 vO^ 9^ 
ro CM 9^ 

ri CM fH 


>43 ICN fH 

>0 CM O rM IS 

»-l fH CM .r-t 




3. S5 a 


Vn iH ^ H 
^ iH O CO 
fH iH CM H 


‘r» W CO • 

'CN ro CM >0 • 

fH rH CM ^ • 


f# 9^ ^ ^ • 
fH rn Q K • 


OCMcn «0 CMHCnCOCO >6(^00» 


CM CM • H 


O|C0c6 *^ >ocM'cNifNm mo 


CM CM *0 


CM CM < rH H CM H 


CS CO 


« S « : & & R ^ S R Z ifs Si ti : 


ruC^komiH fX ? 'f 

lA W 9^ O H !? 2, 

CM H H CM CM 


SI si 3 ? » 


• CM fH W\ W^ 2 

• 9^ 9^ m 00 ^ 

• IH H H CM 


• ■ 9^ 9' C^‘ 9^ ^ ^ 


» 5“ « « 


>0 lr\ O CO CO wS 


^ » K, 


31 » : S: S i? g S' 9, )?, l? -S ; 3l : 

iH * H CMfHrH iH HH* 


W\ m ^ 

CO ^ CO CO *H 



2 <^ rH tv • 

fl iH fH • 


<y ^ ^ ^ 
c>. 0^ 9^ 


z 

o 

9 <0 

m ^ 

i 2 


o I ^ 

w u 9 

U Off 

D u 

9 ) a. 

!< o s 

-J u 

-J " 

t 

z - *■ 

h Q 
O w ft 
O «{ « 
O uf ■ 

z ? 2 

O X j 

I % Ul ^ 


^ I «p 9^ fv 
7 I ^ CO CM 


9> W> iH 


JS'S 3 s r 

fH CM iH 


t. 


^ m « lA 
IS >9 


WN 9 CO O'- • 

O CO «H m • 

fH fH fH • 


2 It ? g : 

fH fH fH (M • 


? 

3 g 

9N iTk 

P « 

CM 

CM 

St 

9 

fH 

0 

fH 

M CM 

CM 

fH 

fH 

fH 

CM 


» 13 ;s g ^ 

fM CM CM CM ^ 


S St ? 

f4 CM CM (H 


S' 2 « : 

fH fH fH <M • 


/W 

S fH u^ 

•t- s o 

fH fM CM 


<S CO CO fH 00 
(S >0 S S >9 


^0<cn<^ <s>9'CN>0''9 mOCO 

>9OC0OC0 S>9fHm>9 COCOfH 

fH CMfHfH CMfHfH fHfHfH 


$ S 3 

fH H 


CO 9 CO 
H « m 


^9>Oir>^ S'c^^•ftm O'rHS 

SVN90cr> rM>9«H>9^ COiHfM 

fH CM fH fH fH fH CM fH fH H CM iH 



ff>ir\ev>9 CDC0>9^<H fnC^Cp 

mftfHfH S^tfH.OrH OCM^ 

CM fHfHrH fMfHCMCMCM CMCMfH 


CMpcMjSf ^ ^ ^ 

>9SCM^f flhCDOrM 9tW\fHHC 

fHfHfHCM • f fHfHiHfH fHfHCMCM 


2 2 a 

CM CM CM fH 


•C S fH M- 9 
CM >9 S- O 

iH rH CM H 


U> CM rn 

CM fu (M 

rH rH I H 



r^^oomS iO ® 

cm®sh^ 2? £i d 

fH iH H H H .H 


CM. CM O CM v9 2? ^ 

CM fH rH H H H H 


5R ? 3 


CM P S >9 o I I 2!s 

o »fN 0 ^ IH S I ^ I r' 



2 J. 2 

iH fH rH 


5 5 


■ 



: ct 3 5S K » N 


H 


• Wn>45^0O'C\ CQ is ^ 

• 9'fHrt>9CM ^ 2 

• fHfHiHfHH H H rH 


fH 

1 m 

& 

CO 

fH 

O' 

CO 

a 

CO 


ir> 

s 

CM 

O' 

9 

• 9* 

• S 

3 

9 

H 

H S 

S 9 

1 H 

fH 

CM 

fH 

CM 

fH 

fH 

fH 

CM 

fH 

• fH 

fH 

H 

rH . H 


I 


CO 

^3 

rH 

irv 

9 

9 

fH 

S 

CM 

fH 

CM 

H 


• • O cn CO ^ 

• f S S CM CM H rH H 

• •CMfHCMCM CM CM CM 


■Ml 


p fH m m fH 

S ^ 'iS 9 s 

fH ^ CM <H 


m 9- 9< m p 
S 9> >9 O CO 


9^ 9 
fH 9 CD 9) 

CM fH fH fH 


mW^ 'rH<^CM >999 

OC09^rHCM OSfH 

CMfiHfHCMCM CMfHCM 


• •0>99>9 V O 'CD 

••00009 ^ H fH 

• • CM CM CM CM ^ 


? 3 a 3? 5 

fH CM CM ^ 


? a ?> r t 

•H Cm CM -H 


I SH«S 
: 


Z ft U 2 5 > 

ftl f4 CM *•• 

^ # » • # r 




i 9 CM O 19 

« «- 'tC. fH # 


? o ^ S 

#H CM f« ^ fH 


S «r e IT * 

^ fH C^ o O 

fi S fH CM 4M 


5 « 3 3'^ 

f* CM CM f» f* 


3 g a ^ g 

fH <M t^-M S 


a a a 3 


# S 8 ^ E ^ jC ^ 

CM CM fH r* fH f*. y-Ml fi 



s2g: sasss a^a 

Mr^CM • fHffCMCMCM fHfM'fH 


^rcM • (MCMOC0<^ 

39fH • >^CMf*(M9 Cf-f flO 

- . rH fM CM <M O# ^ _ 


<50 r_/ «t 

9 .*-4 -M 

** -'Nl ■ <-• 


rf' CO 9^ >9 9 

9^ f- flO 9 rH 

fH CM rH CM CM 


<^' 1 - 2 *' 

^ -9 9 rr. ^r-' 


IT' f-rfr-or- 
vr o 9 ; rr 

fH r^ f.4 


^ ff Vf' IT' 

fH m fH 

.■M CM fH CM rf 


ir IT' ^ 93 

o 9" CM rj rH 

CM rH CM Tm CM 


^>9 Cm 9 cr ^♦Jf' HrODflD 

f* ^ -43 9 ''■■4 *H r^' CM rH 

"MrHfHnCM -HfHnifMCM 


Dt ,5. 3 :' a s ?«: s a ^ a ' g a 


«M*909 


? ? H f? f ,^ • *8 ^ S S S » 


• •O9W^00 rH .9 <^ 

• •fH^VN9 '^ cl 

• •frtfHrHCM ^ 


CM fH CM 9' 
m CM CM CM 


g a 2 p. 

rr> ^ <M CM 



• H Hf 

I ? I 

s ;; le 2 8 ni $ I !if 


DCSIGNATIONS AND REMARKS: 

♦ aALL DAYS COMPLETE IN BOTH POSITIVE AND NCGATIVC CONDUCT IV IT ICS =ALL DATS COMPLETE IN BOTH CONDUCTIVITIES AND IN POTENTIAL GRADIENT ifTsSELECTED DAYS 

()= INTERPOLATED [ ]xAPPROXIMATE f j= APPEARS CONSPICUOUSLY DISTURBED BY POLLUTION DISTURBED BY BAD WEATHER 

























































































I IS 



(y (M o ' o o o p H 



o o • 
& *• 


4 i 


ri <30 rf> C4 • *00 • • HrOvOoiOs O'O^Q • 

H • * "<o«x)aQCv \f\ th n • 

H HHHH • •s'yH H HHHH HHHH* 


SSI* 3 2 J8S : 2 S« 1*^ 3»«£5 5 3 S3 


3 *=33* S*S5 i gS*:» 3*3S« «R5S i 


Cijsse st.es: 

i>4HMr-l HHMH* W<M H« H H H • 


<M NH« H <V H i-I H • 


: : S R -a S: ^ &; 


: ^ 
* W H M t^\ ^ 




'O I 

rO I U\ 


i 


^ ^ t: 

i g i 

y It 
M > 


m 

{^^88 


cfl?] 

H •-• 



■■ -Z 

5 tn 

!l 

12 



B 


U: 


& » g 5 ^ » IR * 

«-l CM ^ H H H 


9^Q€D<^ • 

H {M H rM rM H • 


H H *-• H • 


r^ M M r4 r4 m4 • 


IR ? ^ 

W 


r$ H H A ^ • 


r4 H A H 04 • 


gcgsrt 


a s » « ^ 


?, R5:t *«8i: 

M 04 * p4 M ^ • 


SS* : 3 3s*5 


a it : ti xtsi 

04 M f4 • 04 ^ 04 A m 


332:3 2SSSS 
; j* i I 5ssn 


l£* I 5 532S3 
TlI ; s *S £52 

91 a : t 3i£$3 

04 0$ m * 0* 04 ^ 04 0^ 

3S2 i 3 *3325 
*55 : S *2355 
5s? ;* S5 3I2 


s a 

fH I H 


H H i-l • H 



V>9^CM O^IS»>0'2RO 

• m OOC^C^O^ 


15 ^1 :& 

CMCMrM* H, HHH HHHH 


t^o>u> >^>pHm^ cM^ofsla^ » 

00 ^*>0 •Q ! 


• <#hS.9*H ^ 4 ^ 

• CMHHjHCV H H H 


;2*S,S3 


: f * s as 5 

• H H H H H 


H i 

^ K jjj J 


a ^ 3 


CO I ^1 ifN I 
Hoo o^J 



O^t^vpCM'TX O O 

^ ^ « H ^ ^ "C- ^ 

fH fH H 04 H H H 


$ R {X S' ^ 


GO I CM I ir\ 
H I <y I H 


s ? $ » 51 ^ ^ 


5SS:;j; JRa;fl5;R 5«8g: :5?^«$)3 3 3 

H CM K * H H H H F^. HHf^* •. HH HH H H 


SS«:« RRRga 

cmh«h hhh h .hhhhh 


a^s^afcs: a&^RS :s?sa5 

HCMH IMHH HH HH 


8 9 ^ a s sa & : a^ 8 8 ^ 

S nhH hhShh , h ^ m h M 


:23«* 3*S2S 5235S 


= 35** 5 3822 25 52 5 = :5352|J |S|3 


ISI^S S32E8 5 2335 .= =3S23|s|3|S 


= 2555 SSS2S SSSaS = :5223|J|S|3 
= 333 ; £3831 5352 2 i :25S2 


: 1 

♦ ^ H H 


.= 355 = 2S333 2 532 2 

, w _ '__ 


*55 : =53*'3 5525 2 


Stoat'S Risss 

H 04 04 A t* hhcmimIi 


J^S8: Rj,as^* 

taSX * 09 M •* n f* • 00 04 09 0t 09 


28k : t % t i t H u t, 

IMCMH • HHHWH MHHHH 



^ 8 8 R ^ 


:: 8 a S' a * $ o 

. . yn ^ H «I H (9 «s 


fO f5 CM w 


CM I CM I (M 


■ 

I 


SS 5 K a n 1 

siiiTTT .. 

10 

--- i 

35 25 * i 2 2 

__flC 

aa;3*S 5 5? 

h 04 t4 44 ^ H H ^ 




5 ? 




§ I f 

♦ *» •-••« s8aa« m !^ 


m 


#«ALL OATS tOMTXtTE. 94 BOTH BOSITIVC AW NCBATtVCCONOUCTIVtTICS +sALL DAYS COMPLCTC IN BOTH CONOUCTIVITICS AND IN POTCNTIAL GBADICNT ^«3CLCCTC0 BAYS 

{ )«iNTCBBOLATCO Cl*^^**^OXBiATC. TJ^APPCABS CONSPICUOUSLY OISTURBCD BY POLLUTION ^sOISTUNBCO BY BAD WCATHCB 



























































































































SRifja ^e?r{x;>.^?f?hs^h?. ^ 


^ M 4 4 ^ 



^ A : 19 


« « mp J5 


? ? 


« • tt m ir\ 

« • Jn « fo 



JJ I? JJI, : ^ « « 5« S's:? S {5^ 


It 


J? t 4 7 R 


m 


IP R H S ct 


R 7 N { 


^ :9>fi ^ 


Q >4> ^ 

in ro <M CM fO 


<0 ^ C^> ^ 
m m CM CM H 


^ Vl> 

4 m CM m CM 


I 


CM • CMininCM” 



SJ5 S ^ 


C0'4> • •# HH •vOH 

hh«» 4 in^mro ^ ® • cm ^ 


CM m • >4> M> H 

CM CM • Ni> ^ in 


^m#n^ '^S ‘CM^ 


99^1. R 3 : : )S 


^^^mincM # ^ 

M » 


CM vomso^mcMl^l^l <n 


vocy^^cy^^ 0\r\OCDC^- 'TkOO 
mcMmcM CMl-lmu^4 irN\riif\CM#n' 

__^_z\. 




V\ W\ 

^ m CM m CM 


m H H CM 
<n H ^ ^ 4 

SQ 


H O vo CT' in^ <y\ <7^ .* 
^►c^ir\m<n • 


QCs.c^< 7 vO ^|vO I t^l 00 

1^1 ^ 


8 0^# CM '^*:^^•HQ UNpJS^CM vOCvcT^Cy^CM VTNCM • - CM vOHvOCO'nCM in CM 

^I4CM^ in>^rOU\# #^\r\>4>rn UNOU>inUN \rNN4>*«Csi l?N'>0CM^'c\mu\ lf\ 

W H a 


^ ^ SI ^ 


>0 v\ Cv. ^ O 
UN H m t**» ^ 

m -m 


•- oc ' 

z^i 
I Hf s 

Mt 

J'Z 

iln 

3 ? * It 

!< il 



^ ^ m 

^ WN vO 



5l. R S § ^ fi 9^ SI S S’ 


00 H O >0 Ch 

dN m c^ UN UN c^. e** 


§ ^ 


HOvDOOnO Ov cm 

®rnt^C'^UNvO sO c>- 


iLfiAXS ss-^igs g ?5 S R R S^^IPS? gS::R 5 g « K g: S' it g? S 

m H m t m h h m h h 

gRfc«g RSagR «7*»g$ Rgllg RRRiPRRR 

H H « fn HH • H 

—...—.---.-. ^ - ■ '• . .. .. ■ .-.' .. -. .. 

f^SR^jP Sdg:^ g ^ 

H H H w H » H 

. .. "" ’ w .. .. .^. . . . '■■■■■■■■ ' —. . . - — ■ .. •t " . |.■.^■ - 4■ . . 

gfitgig C::rr Ss$S:S {t?:^S8 


i 


g?SRR S«^IP5 gS::R igftKglS-ht JC S 


gjgj 


fMHCvUN* pCMOO>P^ t^Qm*© HCT'CM'D^rfSP cy>lc^ 
K rn ^ ^ UN floAco •«> Nc^cpNCOor^F* r^lp^ 




c ;* 4 8 C : : S 


I 




5RJ^§: 5«fiRR RRs:g: ^ t 


^1 

i- 


R g : :8 


i 




RgK:R RtglXlPS';?^ 


mochUNro mevip - un PUn^ct^c^un q p 
ini^^CMin ^minmuNCM # ^ 


i 



m CM 





;::! f. 


^ 8 k 

»?§ 
n «9 r 

4f8g 

AAb 


|H> 

ss; 

if 

13 

in 

tfl 

s^l 

t- " fc. 

ESI 

D&l 

Is* 


« 7 g 4 g 


?::«« asj:: fcs«J?ip aga:? ga^scsrla 


^aajs ?::j?8 aaR*.: sRRjpa saa:; 


gat*gi R:;jp« aa| :: ««?&« aaa:a ja8?RaR 

tJTXfcs s : :j?fe aaa : : SRCXS RSTR :a S?«gaa« a aUL 

2 


s g a gr xl a 


j 

1! 

M • 

sf 

-I 


5* I a J » a 


8X8 


gXlRg t 


a as fe 4 aaRiasRsaaxR 


a I s a I 



I — I 

II 


9 • % M ?t Z Z H %% t t 9 


^ I 

• 4- -If 3 

111* 

^ ^ t 


































































































potential gradient at TUCSON magnetic observatory 
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#»ALU OATS COMPLCTC M WOTH K>SrrtVC AND NCGATtV^ CONDUCTiyiTieS +sALL OAYS COMPLCTC IN aOTM CONdUCTIVITICS AND IN POTCNTIAL GfVAOtCNT ^«SCLCCTCD DAYS 

( )*«WTtRPOtATeD C3*APPROXItiATC f J*APRtAIIS OONSRICUOilSLY DIStURBCO SY POLLUTION ^sDtStUROCO OV OAO WCATHCP 
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NEGATIVE CONDUCTIVITY AT TUCSON MAGNETIC OBSERVATORY 
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OeSlGNATlONS AND REMARKS: 

♦ days COUPLCTE in both positive and negative CONDUCTIVITIES =ALL DAYS COMPLETE IN BOTH CONDUCTIVITIES AND IN POTENTIAL GRADIENT 

()= INTERPOLATED [ ]sAPPROXIMATE f j-APPEARS CONSPICUOUSLY DISTURBED BY POLLUTION DISTURBED BY BAD WEATMER 
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NEGATIVE CONDUCTIVITY AT TOCSON MAGNETIC OBSERVATORY 
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NCGATive conductivity at TUCSON MAGNETIC OBSERVATORY 

CXPACSSCO IN MUuLiONTHS Of AN ELECTROSTATIC UNIT 


- 1 


OHMMH mh hHH hhO H 

15 3? ^ I; ^ ^ ^ ft ^ i-i 


Q H H H 


1^ cv CO UN \A 
OI (M CV 

^ ^ E 


<4 <J0 O 

O tv (Tn O 

rn (V n| 


^ W (V i\l fW cV (V H H tW <V W ^ 


SjlS^g SS»gg ^IS>S 
ag^Sg saaH 
2 «s?s S§fsS «ISn 


g S « S 

ro ro <\l M 


sSSSSI 


s SssSS SI * I » 


j S K a s 


sSSSS SggSS 


UN I U^ I ^ 

tv I tv I ^ 


£0 ro «. UN GO 

CO 00 ^ H « 

H H M CV <V 


? S d ^ ^ 

CV CV ro H H 


c^. ^ UN fo 

(V H p ^ UN 

CV fVI 01 <v (V 


»RRK5S ^ a 

MHHHMOJ ^ ^ 


§ ti » R 5r 

M M r4 «-l ^ 


S! Jt R 

cv cv cv cv cv 


^ Si ^ 

cv €V cv H H 


!f S 3S & ft 

(V CV CV H CV 


IS rO H 

H H H CV 

CV CV H CV CV 


ISiS*£ S 5 5 


? 

s 

3 K ^ 

(V CV CV H CV 

8 3 ? g 

CV CV CV CV CV 

H Cs. 0> 4 CV 

4^ H H ^ P 

CV AN AN H CV 

R ft ft 3 ft 

CV CV AN (V CV 

g S ft ft ft 

H CV H CV CV 

—1 

:f % S i 

cv H H H H H 

r*-) 

t\J 

8 

t.i 

g 

tv 

2 

7 

S 

—1 —1 —1 
O' iH UN I-I 

i i? 5“ ^ ^ 

CV CV CV CV CV 

—1 —1 “1 

CV ^ cv cv cv 

—1 

3 S % t 

CV (V cv H CV 

ft R ft 

CV cv cv cv cv 

^ Cs. Un UN O 

OS H U> 4 O 

H CV H CV CV 

“1 -n 

Un Un AN ts. OD O 
GO Un ts. Un O 

H H H H H CV 

CTv 

tM 

tv 

4) 

tv 

tv 

m 

8 

« 

X 

'CN ro ro 

#n ro |TN 

CV CV CV CV CV 

UN €p GO H UN 

^ Vo m ^ 

cv cv cv cv cv 

CS. 00 NO AN Q 

CV UN UN H 

CV CM CV CV H 

ft s et ft 

cv cv cv cv Nl 

4 CV Un AN UN 

O O UN fvi 

CV CV H CV H 

ft K g g g ft 

H H H H H H 

00 

iH 

ivi 

vO 

H 

tg 

8 

tv 

1 

Ijo ^ ^ UN r4 

8 8 J7 s 

cv O H O' 

ro 'O so ^ m 

cv cv cv cv cv 

P AN CN. tv fV 

O 4- 4 CV SO 

CV CV CV CV H 

—1 

p CV ^ Un H 

UN UN UN cv cv 

CV CV CV CV CV 

qDfvO'ANe'- 
O ^ cv 00 4 
cv H H H H 

CD 00 Un Q so >0 
^ 4 4 AN ^ 

H H H H H H 

00 

o 

tv 

UN 

O 

t\i 

g 

CV 

S 

1 

fi 

S2SS j 

UN H o UN 

/n (V UN UN ro 

cv cv cv cv cv 

\0 UN tv p H 

^ AN AN O 00 

H CV CV CV H 

lAi 00 S HI 

cv cv H H cv 

3 ftg a g 

H H H H 

CV 00 O AN CV O' 

ro AN 4 Un h ^ 

H H H H H H 

tv 

CTs 

H 

as 

00 

H 

4) 

ON 

H 

fi 

7 

s 

*iaSI 

ro 'O CP (w 

^ 4- cv 

€V aV cv cv cv 

R CV 8 & 

rl CV CV H H 

p O' cv VO ^ 

cv CV H H H 

O' CV 00 O' 4 

ft S a a 

g 8 g ft g 3 

H H H H H 

GO 

C^ 

r-l 

tv 

fs- 

H 

O'- 

SO 

H 

s 

A 

^ CV UN Q 

H nO m ro 

<4 #-f CV CV CV 

4 00 r^i ^ fvy 

cv cv ^ cv 

UN p GO UN 

Un #H P AN H 

H cv W H cv 

C^. f4 H C^ 

ft ft 8 S 8 

g g g g g 

H H H H H 

Un Nin AN CV 0| VO 

ft 8 ft 8 ^ » 

00 

!>- 

H 

O 

H 

4 

4> 

H 

Q 

K 

3S«»5i 

S3S23 

3 2S2I 

g ft S R 3 

H H CV CV H 

2 ft R ft 8 

CV H H H H 

ft ft ftg g 8 

H H H H H 

L. 

sO 

00 

H 

AN 

00 

r-l 

UN 

CO 

rH 

! 

§S8^« 

^ ^ 4 go yr^ 

m fV p ^ 14 

cv cv ^ cv cv 

_^.w 

5'HIS 

u. 

ft & S R 8 

CV CV CV CV CV 
u. t— 

H AN O' 4 UN 

CV 00 P* O' 

CV H H H H 

4 » Np O 4) 

Q ^ ri m 

^ H H H H H 

1_ 1— 

vO 

R 

UN 

O 

tM 

UN 

H 

tv 

mmi 

1 

S2aaS 

ft ft {?8 « 

M cv cv Cl cv 
!». 

Sift U 

cv OO Ci ^ » 

8 ft 11 ft 

UN AN O >0 V\ 

H ts, H ^ AN 

CV H M H IV 

AN O' H AN ® O' 

» 8 3 g ^ ft 

UN 

H 

t^r 

4 

rH 

(M 

CV 

(V 

fV 

?' 

m 

J3a2S 

ON fs- <AN #AN «iC 

AN AN cv # si 

M cv fv cv M 

UN ^ ^ AN AN 

tv ^ AN 4 fV 

A« ,Ai rv IV CV 

3 3 ft ft ft 

AN H UN AN p 

4 Un AN H ^ 

CV H CV IV IV 

g 8 ft ft g ft 

CV ^ CV H CV 

tv 

(V 

H 

8 

: 

8 R a ;p8 

0» ^ n cv Ai 


7 R2 2 ft! 

CV CV N IV CV 

g ft ft 3 g 

N cv AN AN Oi 

8 ft ft ft 3 

CV H CV CV K 

4 UN 4 O Q 

^ AN CV O' H 'O 

CV CV H H CV 

4 

UN 

fv 

4? 

UN 

tM 

C^ 

g 

I 

SI St ? ? ^ 

N AN AN ^ 

St g ft 8.3 

IV AN rn AN ?| 

ft 8 ft g ft 

AN AN AN AN AN 

O t'- 4 A> CV 
rn c3 IV R AN 

ft 8 !?g g« 

AN cv cv ^ H IV 

tv 

o 

m 


o 

rn 


ft i? g 1 

1 8 - R a 

8 H 


ft St ft 8 ft 

AN CV rn AN AN 

J ? S S ^ H 

rn AN CV M "CV AN 

«H 

UN 

m 

r-l 

8 


? 

5SS*i 

S£«»£ 

4 ^ 4 O' UN 

8 5 ft ft ft 

ft 1 § i 5 

AN |V CV nO UN 

Q O O' an H 

4 CV ^ AN AN 

8n rn R SI S' ^ 

AN rn IV fV H AN 

tv 

‘O 

m 

CV 

A* 

m 

o 

H 

4 

j 

«-c IIP 

8 ft 8 


ft 8 a ft t 

AN AN AN 

I tlftH 

S ft ft ft 3 

4 CV AN AN m 

UN H UN m 4 

O' M ^ 0< CD 4 

CV rn CV Cv IV rn 

O 

VA 

m 

o 

8 

sO 

5^ 

A 

R S '# It Ts 

Af ^ «N| ^ ^ 

S JH£ 

w\ v. V 

St St ft St a 

O' o an ^ 

1-4 ^O AN p ^ 

4 4 4 4 AN 

g ft a g 8 

AN M AN AN AN 

2; 1 ft ^ H 

t 

r-l 

8 

rv 

8 

A 

1 .2 1 % 

A# A* <»• AT^ .*4^ 

Sim 

5 SS 25 

4 P O' H 

g 8 ft ft g 

8 3 2ft 2 

AN H rn il ^ 

^ 3 ft ft S ft 

rn M cv IV cv an 

«Tv 

H 

m 

g 

m 



atiJS iiiit SSSaS SsSSa SSXaS ?SiS«£ a 
sS5?5 sljfl SaSSS **SI5 5a«S5 SasSJS ^ 


CV I I IT^ 

I '± I I 


. . *4 4 . ^ 4 


* 4 4 *< 

4 4 4 4 4 

4. 4 ...4 ■< 4 


4 4 

4 4 '4 4 


m ^ m m 5 


• t • • 8 

112 


III* 


~ » 8 ;t 8 8 ft 8 8 8 ^ hf Mg hf 


lltef'- ¥'-r,T=W 





> 

QC 

O 

oc 

Ui 

w 

(D 

O 


K- 

Ul 

z 

o 

< 


w 


o 

<A 

O 


o 

u 

►- 

I- < 

i - 

y .0 

- i 

o O 

a ^ 

^ U 

o z 
u o 

_j 

6 

< o 

u o 


Z 
O 

I y) 

3 ^ o £ 

Ik?" 

** ^ ^ 

O 

-i Ui 

i ^ 

10 

- g 

Q u. 

Ui (A 


5< 


> 

>“ 

> 

K 

U 

3 

O 

z 

o 

o 

UI 

> 


w 

^ 0 

y < 

Sf 

(l. Ui 
UJ < 
Ui 

a 

< 


I 



\ 

r4 r4 H iH (N 

r4 r-C r4 • • 

H ri m H r-i 

• • r4 H r4 

p4 ^ • 

• H 

P'4 

I 

I 

t 

I 

1 

II 


1 

u 

2 

Oi O O 

^ ^ ro ^ ^ 

Cv. Y# • • 

^ : : 

HO • H 

ri K\i • OS m 

CM CM . H CM 

• • tv H US 

• • P'V D UN 

• f CM CM CM 

^ 1 : 

i % 

O 

a 

rr\ •03 

« : 8 

<V* 

UN 

PH 

^M 

(M 

1 

en 

(M 



-n 

)$ 8: P 8 fiC 

CM H CM CM CM 

8 3 P. 3 

CM m CM pp> 

^ • 

cn W • 

Qs p 

PO F 
po N 


8 3 3 8 

PH PH PH PH 


1. 

8 

PH 

a 

k 

^ » 

rrv ro CM 

»H o CM • ro 

>D O . <n *0 

CM rn c^ • CM 

m UN fv CP 

0- H 00 (VI ^ 

p4 CM H N CM 

r 3 R « 3, 

CM PO CM PO PP» 

3 a : 

pn CM • 

Q UN 
(h UN 

CM CM 

Un 

8 

iB 8 3 R 

CM PH PH CM 




(M 

(M 

(M 

CM Xr\ CD O ^ 

O H *-4 O vS 

<n m m CM 

2 ^ 00 • jM 

H >p •CO 

CM CM N • H 

15 !t 1C« 

H H H CM CM 

PO CM O rr\ as 

00 CM O N 

H PO CM PO CM 

§ R : 

PO CM • 

UN Un 
UN UN 

CM CM 

8 

CM 

C^ ^ CM O 
^ 00 H t»- 
W CM PH ?V< 

H 

8 

UN 

8 

8 

CM 

k 

UN 00 ® ® 

r-l 00 ON ^ ^ 

CM CM >H CM CM 

S $ « : S 

H CM CM pH 

CM UN rv-t ^ UN 

O M* H O UN 

CM H H CM CM 

CM CM ^ €0 

CD CM nQ ^ MD 

r4 PP> CM CM CM 

R & : 

M IN • 

R K 

CM CM 

PH 

O 

CM 

CD 00 O r4 

UN NO NO P^ 

CM ^ CM CM 

O 

K 

UN 

UN 

UN 

CM 

02-61 

^ 5 ? 

r-» CM CM CM CM 

1 

'n 00 CM • CD 

O O nD •UN 

CM CM • r4 

M' 9 >r cn 00 

® H o rn 

H r4 H CM CM 

/VS 

CM UN UN 

•i 00 H 00 

CM CM CM CM CM 

00 o • 

ppy st B 

CM CM • 

CM CM 

PH PH 

CM CM 

R 

CM 

O >0 >D Un 

H UN ash CM 
(M CM CM CM 

ON 

PH 

CM 

St 

st 

CM 

R 

CM 

61-91 

CM 00 CD 

^ O ^ CM «N 

CM CM CM CM r-l 

^ :g R : % 

01 (Y CM • r4 

JC^ r* m w 

UN H 00 O tv 

H <H H CM CM 

m UN CM UN Un 

H UN o H CM 

CM CM CM CM CM 

—1 

< • 

O O B 

CM CM • 

-n —1 

:s « 

CM CM 

NO 

CM 

CM 

-1 

^ ^ no Un 

W CM <M 

CM CM CM CM 

NO 

•-4 

CM 

CM 

CM 

CM 

CJN 

8 

« 

1 

J, £ 5 

CM r4 CM iH r4 

nD O O •CM 

CM ^ rr> pm 

CM CM CM • r-l 

—1 ^ 

^ » JP ^ 

iH H 1-4 r4 r4 

/Vs 

Cs. CM PO •r- 

O UN o O O 

CM CM CM CM CM 

H <S B 

CTn 00 • 

H H B 

CM ^ 

O O 

CM CM 

UN 

H 

CM 

fiv yO ON CM 

NO o O o 

H CM CM CM 

00 

Os 

r4 

PH 

8 

O 

c3 

16-17 


-1 

MS 00 B tv 

CM 00 00 • US 

CM •H • r4 

R S. S8 ^ 

H p4 H H H 

l-^ 

}R « R ^ 8 

CM CM H H CM 

—1 

NO OO • 

m cv B 

H r4 B 

00 PH 

00 O 

H CM 

Os 

O' 

H 

Cv ^ 00 PH 

00 On oO 00 

H H H H 

NO 

00 

H 

PH 

(Tn 

jH 

ND 

5 

to 

1 

lO 

^ 00 00 CM WN 

00 00 ^ 4r 

rM r-l rM 

m Un >p • Yt 

O ^ rM • >0 

CM «-4 i-» • r4 

H UN 00 ^ O 

NO 00 po , 

r4 H r4 r4 H 

B UN tv ^ 

• St |v 00 <>s 

• p 4 r4 r4 r4 

tv UN B 

tv Cv B 

r4 f-4 B 

t 

H 00 

NO OO 
r4 r4 

H 

00 

H 

UN o OO Un 
fv On uN Rt 

r4 r4 r4 1-4 

00 

CM 

tv 

•H 

ON 

NO 

r-l 

in 

1 


imii 



Nt UN B 

cv t^ B 

H r4 • 




UN 

vO 

H 

O 

Cv 

H 

00 

NO 

H 


■■■HH 

■■■■I 


HHHi 




nmm^ 




t 

1 

o 

VN o N CM 

r- CD ^ \Q ^ 

r4 f>4 r4 ^ pM 

o & I ^ 

r4 CM r4 •pH 

pn CD tw ^ O 

cv IIS es. o 

p4 r4 r4 H CM 

: S 3 3. 

• H H H H 

CN- PO B 

00 • 

H H B 

O' (^ 

»H r4 
r4 r4 

ri 

ON 

H 

ah UN CM UN 

PH r4 O H 
r4 r4 r4 1-4 

UN 

vO ■ 

H 

C^ 

NO 

r-l 

PH 

nO 

H 





w 








1 

CM 

^ flO ^ UN ^ 

CD ^ Ct^ ^ 

r-C ^ r-l 1-4 

Cv. O O • US 

00 ^ 1-4 • 

»H CM CM •1-4 

•r ^ ^ 

00 |v fv H 

»-4 r4 r4 H CM 

UN o NO 00 cy' 

CM NO PO 00 PO 

r4 H r4 H r4 

Un OD B 

CV UN B 

H r4 B 

NO O 

H CM 
r4 r4 

s 

r4 

R g ?? S 

r4 r4 r4 

ON 

NO 

H 

nO 

NO 

r4 

UN 

53 


L-. 


w 

L— 

|_ L.. 

L— 


L« 




(M 

T 



Q pn |V •c 

00 O >0 P'S 

H CM p 4 f-4 CM 

•t nO Os Un cy 

# O CM CM O 

r4 CM r4 CM p4 

w 

tv r4 B 

00 Cn • 

H r4 • 

to 

r4 <M 

00 

00 

H 

L-. 

00 PH c^ r4 

00 O O Cv 
f-t CM CM p4 

On 

00 

H 

ON 

s 

8 

CM 

1 

O ,H UN P O 

o c^ N ^ 4r 

CM f-4 CM r4 CM 

® US lf\ Bp 

m Wn UN • 

CM CM CM • CM 

i— 

H ® PO 

OS pn ® Cv pp> 

r4 CM r4 p4 CM 

IS NO o NO 

UN H pn <M 00 

H CM H CM r4 

^ Un B 

r4 B 

a4 CM • 

S' 3 

CM CM 

L. 

UN 
* H 
CM 

O CM 00 O 
p 4 tv >o tv 

CM CM CM CM 

00 

H 

CM 

8 

CM 

H 

PH 

CM 

9 

1 

m 

P J. r 3^ 

CM CM CM CM CM 

5 3 : a 

^ S SS jc 8 

CV j p4 H CM 

OS NO UN fV CM 

St r4 UN ,t St 

r4 CM H CM CM 

O PP» B 

tN St B 

CM CM • 

o o > 

NO C^ 

N CM 


^ CM •CM 

Cv Oi • r4 

CM CM •PH 

R 

CM 

r' 

CM 

ON 

8 

6-« 

^ MS CD 0 ^ 

<M 00 CM f 

« 8 8 : S, 

r<4 m B pn 

X 8 M S S. 

CM CM p4 •-« CM 

^ S :S R R 

H CM CM CM CM 

Q UN B 

O UN B 

PSN CM • 

O UN 
f'- OO 
(M CM 

O 

o 

PH 

HO •UN 

O O •St 

AH PH •PH 

8 

UN 

CO 

CM 


r- 

o CD mn 

^ ^ M # 

PiK iA#-i ^ 

2 S, « : P 

Pn, P^N •P'S 

3^ i « S K 

CM ^ CM H (M 

L- 

M 

r UN 00 UN « 

H CM fN UN O 

1-4 CM CM CM 

CO O • 
nO • 

PH B 

: 8 
• PH 

3 

PH 

^ St • O 

PH r4 •so 

rr> b PH 

O 

CM 

AH 

H 

R 

8 

PH 

0 

0 « ^ CM ^ 

t 5 7 ? 

8 8 » S : 

PPN # ^ ^ • 

3 B : S R 

PP^ PP* • r-l CM . 

: R 8 8 

rn fH 

^ ^ • 

O CM • 

•t pp • 

B UN 

B t^ 

B PH 

8 

St 

O UN B M 

O ^ • H 

^ PH B Nt 

O 

CN- 

m 

PH 

tv 

AH 

I 













« 

» 

«r> 

^ irv (M MN 

M CM ^ MS 

# ^ m # 

a> IP « o • 

S S 5 3 : 

8 i : a » 

m b4s b p^ rM 

o • s« o m 

H . UN rr ^ 

fSI B r-N rPi -Si 

CM ^ • 

A-# PH B 

it PSH • 

• CM 

• O' 

' B APN 

UN 

o 

Un (M B UN 

P^ nO ‘no 

St PH B 

UN 

AH 

t- 

PH 

UN 

ON 

PH 


* m 2 i « 

S S u' £ • 

M ^ M «-^ • 

PS : ? R 

CM • »-• 'N 

• • O' NO CM 

• • O O- CM 

B B XT' <M AT- 

S 8 : 

PH CM • 

• St 

• 00 

B AH 

A-» 

St 

f^l o B 00 

r4 AH B AH 

St P'N B St 

a-4 

O 

PH 

PH 

pH 

CTn 

fN. 

PH 

m 

f U?! 

CO CM o ^ • 

#BN P^ #in p*p B 

f 5 : S 

ATL B rSI N| 

• • UN ^ 

• • rSI r4 

B B 1—1 at- r-' 

? 8 : 

'API PP. B 

: « 

B' AH 

f 

AH 

f. vr*. UN 

CM ^ Un AH 

PH AH ^ St 

H 

i/N 

PH 

O 

UN 

PH 

UN 

5S, 

m 

(M , 

o M ^ u^ fM. 

J 1 S ♦ 5 

£ 2 t t •■ 

^ /p% B 

U' ® • •r 

M* • r M 

?M CM B At P# 

• • '4 CD OD 

• • Nt —' P-N 

• * WTk ^ ATI . 

8 o : 

^ API B 

: 3 

B AH 

o 

% 

04 ^ 4 UN 

O' a4 O St 

AM AH Nf ah 

CM 

% 

O 

fv 

IfN 

PH 

'1 

S- ^ 

-S ^ # «t 

5. Ip 5 2x I 

BUN 2n PPY • 

f. fN • M? 

Mf - « -M 

P* B WB .«-# 

> «? O r4 « 
f4 r* ps 

aB PP, PP. 

3 3 : 

API AP • 

ii 

u 

OD 

CM 

St UN to ^ 

CM 00 ^ UN 

AH am PS'N PH 

UN 

' 

AH 

R 

S 

O 

■M ^ L 

AP» WN lIPN ^ 

n ^ * 

^ A 

.«w> BWL IPPL iPN A 

t 3 : 8 2. 

P4 .Si . .wB -M 

o pp r r o 

It r -Ni o o 

HI P| PP PI A-. 

or # • 

5. : 

: 3 

B AH 


S g S R 

AH tM ^ PH 

irs 

UN 

H 

aH 

8 

PH 

W 

"""qf "y—.. 

-—qf '"g... 


4 

4 

•« 


H H 



4f 

i 

*4. 

..."., ^ ^. 

•t, ' iO ^ 

4 4 

*t 4 

• •< 

ir~ 

»4 *4 K 

♦ 



«< YM -C '<«♦ Nf 

^ Wf 

sic ' p« ^ 

^ H H 

4 s<' 



H ..4 H 

U) 

§ 

2 

4 

- iN «S Cf 

• m m '9 

^ 5 IT ^ 

• 1 S • 8 

S S 53 

a a 

CM 

fi S S 8 4^ 

< 

!!( 

< 

!K 



113 


*.A«.L DAYS complete in BOTH POSITIVE AND NCOATIVC CONOOCTIVITIES + =:ALL OATS COMPLETE IN BOTH CONDUCTIVITIES AND IN POTENTIAL GRADIENT ±.8ELECTE0 DAYS 

()-interpolated []: approximate rj°*PPCARS CONSPICUOUSLY DISTURBED BY POLLUTION ’ DISTURBED BY BAD WEATHER 






















































114 





























U:... 




> 
cc 
o 

CC 
(J 
V) 

CD 

O 

O 

Ul u 

3 ^ 

^ is: 

» 2 u> 

O h 

H 

K U > 

* 4/> *0 

Ui 


o 

< 

a 

o 

«j 

< 

K 

z 

Ui 

►- 

o 

0. 


s 


Izi 

iBH 

rC H rC • • 

H iH CM H H 

• 

• H r4 H 

H rM • • H 

r4 r4 r4 r4 H 




I 

? ?« : : 

bb 

\0 • O rn • 

^ • (M UN • 

1 

• • C»^ UN 

♦ • rl M 

IN. UN • • fU 
fM r»r • • ^ 

5- a a s s 

O' 

r*\ 

o 

H 

I 

■MMI 

p o •CM 

© CM • c^ 

0^2 

1 

CNN C^ iH O 
m H CM CM 

n ^ 

^ (v UN 00 

U CM C»N fO 





i>4 O UN O «Q 
CM ^ CM M # 

UN CM Un • 

© CM CM •CM 

3 y R & 5 

• 

• 

^ UN r4 H 
CNO CM CM cn 

H r4 • CO H 
(M cn • CM U 

rr UN 00 |N. U 

U u cn CNO u 

3, 

rn 

rrj 

(M 

m 

? 

2 M 





Un U CM p 
rn CM CM # 

00 CO • UN O 
•H CM • cn U 

iNo 00 n- w 

4 00\ fn rrt 4 

rn 

UN 

m 

m 

m 

y ** 
1 


UN r-« 1-4 • OO 

UN r*N ^ • ▼ 

UN O' >o cn un 

^ (M ^ ^ © 

1 


O O NO p 
cNn CNN CM # 

O cn • \Q r-i 

(M • U U 

O 00 Cn Un U> 

4 4 rr) 4 4 

O' 

ro 

nv 

m 

UN 

m 

i 18 
H s 

I -. 

CM r:' o ^ DO 

^ ^ rr\ 

R ^Sv a : y 

1 CM UN 

^ gj» jj UN >0 


/VN 

00 U H 00 

U U CTN CN^ 

On Un • nO 
m • mF NO 

J R a R R 

UN 

•M 

M- 

m 

-M 

. 2 

3 fi 


a 5 R : s, 

>0 1 CM CO cn 
g M ^ ^ NO 

• 

• 

(M ON NO 

O U U C<> 

m 

—1 —1—1 
In. CO • nO fN. 

£0 CNO • J U 

R 7 3 R R 

M M M 

n- 

nC- 

n- 

Nt 

ON 

M- 

fO 

fi T 
> ^ 

(X ^ i 

R {X R : g 

imii 

1 

M 

iS R R 3 

. rn CM • U O 
rn <4^ * ^ 4 

m mm 

pN rp CM p flP 

Un ON ^ UN U 

1 M 

% 

m 

$“ 

3 ' 

ii ^• 

K • 

s a ff ** 

(R a a : ft 

M n 

NO no 1 

S 1IJ •» 

u. 

• 

4 (^ M CO 

N ^ in U 

—1 

On r»> • rh O 

CM m • m UN 

mm MM 

R R R R 3 

00 

M- 

R 

O 

UN 

? 

£ 

Sa'T — 

^ 5R y : c 

CO pi CO flO 1 

UN UN rn %o N 

• 

• 

-n 

1 U rM 

N N £p U 

W W 

Un NO • O UN 

PI m • m UN 

MM M 

O' so t. t. p 

a '® a ff a 

M- 

- -M 

UN 

M- 

f'* 

4 

£ 

7 

5 

CD p UN • 1 

^ CM N •# 

m M 1 

_ ^ _ 

,i R R : s 

n M 

CM m CO UN CM 
jj N© g ^ 

• 

CM ^ 

a ** a a 

fN- o • CO On 

m • rp UN 

MM M 

g R R R R 

n H M 

UN 

M- 

UN 

Nt 

CM 

UN 

1 

5 



CM CM NO CO cn 

B S? 

• 

• 

u ci & 

fi •* M 

W 

UN 00 • m CO 

rn • cn u 

MM MM 

O pi 00 NO 

a a a a 

ON 

4 

O 

UN 

N# 

UN 

* 


rC CO C*^ •CM 

g> >4) ^ • 4© 

O O NO 00 fv 

* ^ a a 

> w 

• 

• 

g Jl R R 

c. 

op • CM O 

M ■ * fi 

g 1 R s R 

L. 

P 

UN 

H 

VO 

(M 

vO 

a 

i 

? S (X 9 1 

fn UN <rN • CD 
^ ^ ^ •In 

CM O rM ©N <h 

a J r 

o 

CD 

R 1 3* R 

. w_ 

R K : R a 

CP ^ *-• «> 

NO pN. ^ NO Un 

I—-. 

P 

UN 

H 

NO 

m 

'O 

r 

1 <!> 

5 ? « ? a 

J « ? : a 

...!>... . 


s 

3 £ <X R 

Q so • UN UN 
in US • UN UN 

M 

U- . 

y S 3 R » 

U> 

UN 

P 

UN 

H 

vO 

fi 

1 

at 

? ? 8 ; « 

2 2 ^ : c 

P M © O n 
n NO ^ JJ NO 

UN 

00 

R « R R 

•f On # m ^ 

U Un • Un UN 

R R s R a 

On 

4 

nn 

UN 

UN 

UN 

i : 

:? 5 &, » 

•r o ^ •CM 

in • © 

5 S R 

• 

• 

: R R 3 

R R : R R 

R a R 3 3 

R 

o 

UN 

CM 

UN 

1 

• 

1 

f*- 

1 

O yC «t CP 

# ^ CM ^ 

s: y 3 : *• 

y y s; » » 

• 

• 

/SI 

• CO O' 

. R ♦ j, 

Hi 

5X R 5 : 3 

3 y R y s 

H 

M 

CM 

4 

3 


^ CM CM ^ 

« ^ r4 • 

^ 0*^ • 

O © iH ipM 

/»N •^N g © UN 

cn 

fN* 

• 00 UN 00 

• CM in ^ 

W 

U fN O 9 0^ 

CM fn U • C»> 

WN P vK © © 

cn . CM c^ CM w 

R 

p, 

y 

T 

^ Cf ^ f- 

CM N CM 

CO o o ^ • 

CM CM CM CM • 

IT. OD ^ P 

<M f^M © ^ # 

1 

3 

• cn UN ^ 

• fM CM CM 

UN M CM •CM 
<-4 CM CM • CM 

O ON IT' O fN 
, CM *H CM CM f4 

g 

4 

IM 

CM 

CM 

t 

e r ^ ► 

1-^ CM iM «»4 

© ^ o c© • 

•M CM Cm •-* • 

y IE 5 s 

t 

UN 

u 

• <""■ U nO 

• fM CM CM 

U' ^ >0 • P 

0-i M r* •ft 

P CO NO 

<H fi CM f-l f1 

fN- 

rf 

tM 

(y 

H 

CM 

t 

^ ^ ^ 

^ n| 

o »• o n • 

CM CM A» • 

s. a ». a 3 

R 

• O *-N 

• CM CM 

4 m •CO 

•M #4 • C4 

CO O fN P 

094 <4 f% ^ 04 

P 

rM 

••M 

(\l 

H 

CM 

t 

<N» 

♦ .< ♦ 

»-• CM CM 

cr UN © ^ • 

♦-* ci^ Cm ^ ♦ 

S S X s » 

• 

3 

• •M ^ O 

• CM •M 

U r-t © • CO 

‘-•CM CM • #4 

M ^ O fN fM 

CM CM c^ CM CM 


rn 

<M 

4 

fM 

i- ■ ■■.• ^ 

ft* 

1 

5 •? 4 

fM S S S • 

!,hI Mn UN ^ 

CM CM ^ UN # 

UN 

UN 

: 2 3 

• o <r • • 
a « 

4 ^ *0 a 

© CM CM 

x> 

f-4 



* 

© -4 *•• e ?• 

:'*■ ■M> .-M 'N» ?M 

t :: y t : 

3. S 3 1 5t 

»4 

Ml 

• r © u 

• c»N CM CM 

P ^ !-• • «3 
fM fM U • CM 

M ^ ■ M 

p o CO 

CM ‘M ^ 

o 

•T 

(9 

fJO 

C4 r 

4 

2 



«M a* 





04 ^ t4 



2 

Md. • 


■'a-Tny- .. 


lar'- — 


—^ *13— 

If N# i4 

4 4 4 4 

0 

4“ 





Ml H *• 


' tiM ' ■'■ 

j;jjp ^ 

■4 4 .4 4 4 

5 

2 

2 

1 

BOB 

m 9^ m m 9 

r ^ ? 2 

m 

1; • • 8 

- CM ^ U» 

CM CM IM CU 

S Si S R 8 ^ 

< 

W 

2 

< 

!K 

i 


5 


C II 


2 


n 


Si: 

”1! 

ifl^k 

M «« r 

•w?: 

1 

£ 

|ii 

ss: 

it- 

ii 

^ii 

*ll 

S®§ 

K S £ 

Eiii 

y si 

ffiS 

ill 

zlf r 

s|l 

J M 


j -IW 

M S 

4* 8 

“S 

i|l 

«■! »• 
-1^5 

ri 

" ! 
:8* 

•55 

M • 

if 

Afc 


»• 

jT 


s 

I 


IIS 




















JCSON MAGNETIC OBSERVATORY 

VOLTS PCR METER JULT ' 

RIOOS OF ONE HOUR AS WOICATEO lOS® WEST MERIDIAN MEAN Tiurl 

f* ... 

1 

i» * 

IDRBHBHBBDDDIBDB^HBII^^BBi 


II 



1 



?9. 

On 

■ 

1 

-WTW-7^-^-^--W7A'.....—----- 

Z ^ A lr8R9« iSRrlNSt 

ro 


tv 

r<> 

■ 

t 

—— ^---- 

n|::s 8? 

CM 

CM 

IM 

‘P 

01 


I 



■ 

CV 

Ol 


S 

^ ^ ^ ^ - 7a 

a a « !? : : 8 ei § S: « a 4 

(V 

(V 



8 

2 

lll_lll_llllll-|ll^^^^ll^^^__ll_l_l___lllll_lllll_llllll_l_lllllllllllll_ll-|llllllllllllllllll__l_lll_l___^^ 


X 



S 

2 

_^_ -_ - _^_ 

z 

z 

oo 


1 


z 

z 

z 


2 

IRi’Ht, nA^RSIR 

W 

00 

00 

(A 


S 

1 

2 

/A 

R Mtt • rR 

ON 

N*- 

ON 

UN 


2 

7 

2 


ON 

ON 

Nl 

ro 

UN 


S 

1 

2 

|3:«n 1R44S!4 R^SRIRE! tRRtiRRf^ 

^ m m m m Pi m m 

w w w 

00 

UN 

?R 

o 

NO 

S 

1 

hi 

a 

i 

< 

IK 

« 

X 

gR:|^ S«4SX Rti^SR 5S5t:2( S|^35^^ 

_ W 1^ W W Is- w w 

Gn 

R 


K 2 is: 

. s ^ 

& <2 - 

& 

i 


UN 

UN 

UN 

UN 

NO 

UN 

Ul *0 

l 

'f Ss : RfiSR3» RRSfeR aR^S99 

^ . ...w... . :____ 




u w 3 

< 5 

Q 

1 

di 

t.zt.zz^ S»£?R!? RSP;?:;? JRq!RSR?t 

Sk 

O 

UN 


UL 

o 2 

-i s 

9 

i 

« ?; : ? R Re;e; R8l «R «R « ? R IR S; ? R 9 t? R 

m 

rn 

% 

p s 

m 

9. XX It: yiRRRt RlfR?;? SRJJilS^RR RSt.^:: 



CM 

f*N 

u 5 

o 2 

a. 5 


s^S^Ria RS*84R R3ft:: 

a 


5?, 

flC 

< 

i 

f 

4 

«fcS:R ft«8SR «R5>a^^ RRSaSJ ^R?;:: a8^&??5 

€M 

C'4 

(M 

A 

sataR %x z t; x:; ^|a:: aaxR^a 

O 

O 

CM 

<M 

<M 

■ 

.•i 

li 

' % 

'f 

1 

8f;«:j? ft XX ti xtxa rssxxRhS;: : 

UN 

(U 

UN 

<'M 

H 

, 

i 

s[^8:x Rxxta xs;^^s; X A :: z t: X H X : : xa^aRis 

UN 

t>i 

i/N 

<< 

'H 

. m- “ — ■ ~~~m ~— ‘ jwr- 

aRS:5; RAXtR a?4aX 4aS|« a4t:: 

^ ... . . . 

r- 

r# 

f; 

‘M 

r*N 

•. .V — - — - ,( —. wm»... -- * 

X 7 It : 7 X A tiX i t Z Xt A A ^ X A X X ^ A :: ^ Zt: f: ^ ^ 

-o 

t « 

P 

' '♦ 


. 

W 


W 

2 

4- 

4f 

1 

w 

__ ^ _ ___ 

r 

. . ' , »t , 

m 



lit 
















































2g 


> 



2 M 


U| ^ 


I 


4 

ft 




m 















































NEGATIVE CONDUCTIVITY AT TUCSON MAGNETIC OBSERVATORY 
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